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I. INTRODUCTION 


Trogoderma granaria was first described by Barnes and Grove (1916), 
then by Arrow (1917), Mason (1921), Everts (1923). Vdlkel (1925) studied 
the effect of temperature upon the various instars of Trogoderma granaria. 
Zacher reviewed the available knowledge in 1927. Woodsedalek (1912) 
described the life-history of 7. tarsale. Recently Priesner (1951) described 
Trogoderma afrum as the common Egyptian Trogoderma. 


Trogoderma granaria is one of the important pests of stored grains. 
It has its origin in India, especially in the provinces of Punjab and Gujarat. 
It causes damage to wheat, barley, maize, malt corns and to seeds of legu- 
minous plants. It was probably introduced into Europe before the First 
World War with large shipments of barley from India. It has also been 
described in Egypt and Iraq. In Israel it was first observed on a farm in the 
Valley in 1938 (Shulov, 1940) and subsequently in the Jaffa dockyards in 
1943. 
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In Europe the damage caused by Trogoderma granaria in breweries is 
associated with the fact that the temperature of the grain is maintained at 
43°C. for months. Humidity is high and fungi develop. On the other 
hand in Upper Egypt (Rizk-Attia, 1939 and personal communication) deve- 
lopment of this beetle takes place out of doors under very dry conditions. 


The present work was undertaken in order to investigate whether this 
beetle is likely to develop in this country, and to study the combined effect 
of temperature and humidity upon Trogoderma granaria. 


II. MATERIAL AND METHOD 


The beetles and larve of Trogoderma granaria Ev. have been collected 
in the farm mentioned above and bred in large glass jars. They have been 
identified by Dr. G. E. Bryant in the British Museum. When Priesner’s 
paper on 7rogoderma afrum appeared (1951) the identification of this beetle 
was checked and confirmed. Once a week the pupae were taken out and 
inspected every day for the hatching beetles. The beetles were considered 
one-day-old when hatched during the previous night or in the morning before 
the inspection. 

The experiments were carried out in glass tubes open at both ends, 
with cotton plugs covered with black cloth placed in the centre of the tubes. 
The tubes were inserted into test tubes containing samples of various chemi- 
cals. 


Different degrees of relative humidity were obtained employing the 
following series of chemical :— 


H,O, KNO,, KCl, NaCl, Ca(NO;)., CaCl,, ZnCl, (saturated solutions) 
and P.O; (dry powder). A control series of experiments was carried out by 
using various concentrations of sulfuric acid. The following numbers present 
the degrees of relative humidity yielded by each chemical :— 

H,O: 100%; KNO;: 90-91%; KCl: 83-85%; 
NaCl: 71-74%; Ca(NO;).: 50-53%; CaCl,: 29-31%; 
ZnCl,: 18%; P.O;: 0%. 

The jars with test tubes were kept in a seties of thermostats at constant 
temperature. The fluctuations of the temperature did not exceed, as a rule, 
+0°5°C. 

III. OBSERVATIONS 


(a) Rate of Oviposition—Beetles one-day old were used in studying 
the number of eggs and the mean rate of oviposition. Teble I presents 
the combined results of two series of experiments in the first of which one 
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TABLE I 


Effect of various humidities and temperatures on the mean oviposition 
rate in T. granaria 


Figures—the rate of oviposition in days 


20°C. 25°C. 30°C, 35°C. 40° C. 45°C. 

100% 3-8 3-5 2-8 1:8 1-5 

90-91% .. 78 758 2-4 2-4 1-7 1-9 

| 83-85%  .. 12:3 4°5 2-8 2-4 2-2 1-6 
| 4-4 3-0 1-8 2-7 2-0 
50-53% .. 4:6 5-5 3-4 2-2 2-2 1-5 
29-31% 4-9 2-5 1-5 2°5 1-8 
18% 8-8 2-0 1-3 2-7 1-3 

0% 3-2 2-3 2-3 1-6 2-0 


Average for all 
humidities at 
the same tem- 


perature 
+ Standard devi- 
4 ation 6°99 +2-94 5-3642-17 2-7440°54 2-0940-49 2-1740-44 1-70+0-22 
General average 3-51 
The analysis of variance of Table I 
Degrees 
Sum of of Mean F 5% Point 1% Point 


squares freedom square 


Relative Humi- 


t dity i 14-07 7 2:01 0-88. 2-29 3-20 

: Temperature .. 185-63 5 37-13 16-48 2-48 3-60 
Random varia- 

tion 35 2-251 

s Total .. 278-68 47 


\ 
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pair and in the second of which two pairs were placed in each tube. Each 
figure represents the combined data from 10 tubes (15 pairs). 

Whereas changes in humidity have no significant effect on the length 
of the oviposition period, it is shortened when the temperature rises. The 
mean rate of oviposition calculated from all the temperatures used has been 
plotted on the graph (Graph 1). 


45°C: 


345 6 7 8 9 10 44 42 DAYS 
03 05 07 OS PARTS OF ONE DAY 


GraPH 1 
x = points of hyperbolic curve. 
© = points of reciprocal curve. 

The mean number of eggs laid by one female varies considerably. It is 
influenced only to a certain extent by changes in temperature but not by 
changes in humidity. V6lkel (/oc. cit.) estimated 61 as a mean number of 
eggs laid by one female whereas my results are 20-42. 

Barnes and Grove (1916) cited 41 as the maximal number of eggs laid 
by one female, Vélkel’s corresponding number is 126. My results are 63 
eggs as the maximal number laid by one female. 

(b) Rate of Development of the Eggs and Percentage of Eggs Developed.— 
The observations on the rate of development of the eggs of Trogoderma 
granaria are complicated by the fact that part of the eggs does not develop 
and shrinks a few days after oviposition. V6lkel (Joc. cit.) already described 
this phenomenon. In his experiments the percentage of eggs developed is 


40 
4 
30 ° 
af 
25 x 
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lower under extreme temperatures than under medium ones. In my results 
this trend is almost as obvious (see Table IV). The following table 
TABLE II 
Effect of various humidities and temperatures on the mean number of 
eggs per fertile female ; 
The figures—number of eggs per fertile female 


—- 20° C. 25°C. 30° C. 35°C. 40° C. 45°C. 

Relative 
Humidity 
100% ah 5-5 14-7 37-7 15-8 21-3 3-3 
90-91% 10-5 26-8 35-0 7-1 12:3 1-5 
83-85% 33-8 35-5 40-0 38-0 38-5 3-8 
71-74% 18-1 23-8 43-3 12-0 32-0 2:7 
50-53% 27°5 23-5 28-8 13-0 37-3 0:5 
29-31% 5°5 18-8 24°8 28-3 22-0 6-3 
18% 4:5 24-3 13-0 24°5 35-8 1-8 
0% 6:0 10-8 46:0 33-2 22:3 8-5 
Average number 

of eggs per 

fertile female 13-92411-3 22:2847-6 33-6€0410-8 21-49411-1 27-6949-5 3-5542-65 

for all humidi- 

ties at the same 

temperature 
General average 20-42 


The analysis of variance of Table II 


Sum of of Mean F 5% Point 1% Point 
squares freedom square 


Relative Humi- 
dity .. 1124-53 7 160-65 2-19 2-29 3-20 _ 


Temperature .. 4457-86 5 891-57 12-17 2-48 3-60 


Error (Random 
variation) .. 2563-16 35 73-23 


Total .. 8145-65 47 


Degrees 
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represents the effect of various temperatures and humidities on the mean 
number of eggs per fertile female. 

The above table and the Tables III and IV show that eggs of T. granaria 
are capable of developing over a wide range of relative humidity including 
TABLE III 
Effect of various humidities and temperatures on the mean rate of 


development of eggs of T. granaria 
Temperature 
25°C. 30°C. 35°C, 40° C. 
Relative Humidity 
100% — 5-7 5-7 3-7 
90-91% 8-6 4-2 4-6 
83-85% 7-2 4-0 4:5 
50-53% 6-3 4-3 4-9 : 
18% 10d 6-7 5-3 4-5 a 
0% 1 6-0 5-0 4-0 . 
0 
Average rate of development " 
of eggs for all humidities at 10-62+0-92 6-45+0-98 4-91+0-67 4-3140-38 C 
the same temperature 
General Average 6-575 
The analysis of variance of Table III 
Degrees 
Sum of of Mean F 5% Point R 
squares freedom square 
Relative Humidity _ 0-89 7 0-127 0-16 2-49 T 
Temperature .. 194-41 3 64-60 80-49 3-07 Ei 
Random variation 16-84 21 0-802 
Total 21214 31 T 
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even %R.H. In some experiments the percentage of hatched larva reached 
even 90% of the eggs laid (Table IV). 


Table III presents data on the mean rate of development of the eggs of 
T. granaria ‘under various conditions of temperature and humidity. The 
table indicates a progressive acceleration in the rate of development with a 


TABLE IV 
Percentage of eggs of T. granaria developed until hatching 


Temperature Partial Averages for 
25°C. 30°C. 35°C. 40°C. 100% R.H. and all 
other humidities together 
Relative Humidity ~ 
100% 12 20-8 52:3 6-3 22-85% 
90-91% 40-8 82:0 68:5 42:8 
83-85% 74:3 69:8 75:5 
71-14%, 72:3. 63:3 738 73-0 
50-53% 49:0 67:5 74:3 69 -207% 
29-31% 77-1 =71:3 51:0 54-8 
18% 64:0 70-5 89-5 62:5 
0% 58-5 72:8 97:0 46-1 
General Average 61-66% 
The analysis of variance of Table IV 
Degrees 
Sum of of Mean F 5% Point 1% Point 
squares freedom square 

‘Relative 

Humidity 7593-010 7 1084-716 5-83 2-49 3-65 
Temperature 1374-215 , 3 458-072 2-47 3-07 4-87 
Error (Ran- 

dom varia- 3910-755 21 186-226 

tion) 
Total 12877 -980 31 
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Analysis of variance of Table IV for the percentage for R.H. lower than 100% 


Degrees 
Sum of of Mean F 5% Point 1% Point 
squares freedom square 
Relative 
Humidity 706 - 56 6 117-76 0-64 2-66 4-01 
Temperature 699 -06 3 233-02 1-26 3-16 5-09 
Random 
variation.. 3322-78 18 184-60 
Total .. 4728-40 27 
40°C; 
35 4 
30 4 
25 
20 
24 6 8 10 12 44 16 18 20 22 24 26 28 30 32 DAYS 
0/1 045 02 023 PARTS OF ONE DAY 
GrapPH 2 


x = points of hyperbolic curve. 
© = points of reciprocal curve, 


. 
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rise in temperature, and shows that changes in humidity have no effect on 
this factor. 


The average figures showing the influence of temperature on the rate of 
development of T. granaria have been plotted on Graph 2 and the values 
of the hyperbolic curve calculated. The threshold of development calculated 
for 25°C. and 40°C. is 14-8°C. and the thermal constant is 108-4° day- 


degrees. The reciprocal curve was calculated and plotted on the same graph. - 


(c) The Influence of Various Temperatures and Degrees of Humidity on 
the Life-cycle of T. granaria.—An attempt was made to study the entire life- 


cycle of this beetle under constant conditions from the egg to the emergence 
of the adult. 


Beetles one-day old were maintained in glass tubes as above, and larve 
were obtained from the deposited eggs. Five to six tubes containing up to 
10 larve each were maintained at each temperature-humidity combination. 
The shortest development (from egg to egg) observed at 30°C. and 90-91% 
R.H. was 43-4 days, at 35°C. and 71-74% R.H.—41°8 days. 


(d) The Longevity of the Beetles—Three series of experiments, each 
‘onsisting of three to five tubes, were set up as follows: (a) Two pairs of 
T. granaria in a tube; (b) One pair in a tube; (c) A single female in a tube. 
The combined results are presented in Table V, which show that the optimal 

TABLE V 

Effect of various humidities and temperatures on the length of life 

of adult T. granaria 


Tempera- 15°C. 20°C. 25°C. 30°C. 35°C. 40°C. 43°C. Average 
\ture 


Humidity 

100% 20 os. 5 11-18 
90-91% .. 20:6 45:2 16 116 9 $3 3 15-81 
83-85% <a 29:6 25 113 9 7 3 16-27 
71-74% 24:6 24:3 10-1 78 #%78 3-5 14-73 
50-53% .. 18-3 37°38 20-6 103 5 14-69 
18% .153 79 6 66 2 9-87 
0% .. 14 14-8 Il os. 33-4 2°5 8-61 

Average .. 20°86 26°35 17°61 9-41 6-7 5-75 3-625 

General Average 12-92 


q 
| 
| 
i 
q 
4 
i 
| 
| 
YS 4 
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The analysis of variance of Table V 


Degrees 
Sum of of ~ Mean F 5% Point 1% Point 
squares freedom square 
Rel. Humidity 403 -23 7 57-59 2:94 2-24 3-10 
Temperature .. 3634-10 6 605 -67 30:96 2:32 3-26 
Error 
(Ran. var.) .. 821-64 42 19-56 
Total 4858 -97 55 


temperature is 20° C. with a progressive decrease in longevity as the tempera- 
ture rises. Extremes of humidity have only slight adverse influence on the 
longevity of the beetles. 


(e) Damage caused by T. granaria.—Only the larve cause damage, and 
this may become extremely severe. An attempt was made to determine 
whether the water content of the wheat has any influence on its palatability 
to the larve. The wheat samples in our experiments were kept in exsiccators 
over various concentrations of sulfuric acid for one year and were then 
infected with larve. Table VI presents the results of this experiment after 
four months at 27°C. 


TABLE VI 


Infection of wheat in various stages of desiccation by larve of 


T. granaria 
Water content of wheat 


0% 5% 11-9% 12-:2% 18-4% 
I Instar _ — + +. 
Il Instar _ ++ +++ ++ ++ 
Ii Instar + +++ +++ +++ +++ 
IV Instar ++ +++ ++ 


No development 

a. Very slight development 
++ Moderate development 
+++ Marked development 


¢ 
‘ 
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It may therefore be concluded that market wheat, which contains from 
9 to 13-68% of water is an acceptable food for the larve, and that even the 


driest wheat may be successfully attacked by the full grown larve of T. gra- 
naria. 


Some other experiments were carried out with second instar of larve 
in order to determine whether these insects attack weeds: Securigera Securi- 
daca, L. and Convolvulus arvensis, L. were not attacked. Rapistrum rugo- 
sum, L. and Galium tricorne, Stockes were eaten but the larve died. The 
seeds of Scorpiurus muricata, L., Phalaris paradoxa, L., Cichorium pumilum, 
Jack., Bupleurum lancifolium, Horn. were attacked but the development of 
the larve was much slower than on a diet of wheat. 


Thus, weeds in Israel cannot as a rule be suspected of serving as alter- 
native foods for larve of T. granaria. 


The degree of damage caused by Trogoderma l\arve on fibres was studied. 
The results are as follows :— 


Very slight development: on rabbit fur and artificial silk. 
Moderate development: on wool mixed with cotton and on pure wool. 
Marked development: on pure silk. 


(f) The Rise of Temperature.—! attempted to determine if it is merely 
the rise of temperature that favours the development of moulds or whether 
there are fungi specific for this beetle. The mould developing in the grain 
has been shown to belong to the common local Penicillium species. An 
experiment aimed at obtaining the rise of temperature by infection of a tin 
box, full of grain with Trogoderma larve under out-of-doors conditions failed. 


IV. DIscussIOn 


Trogoderma granaria has been known for a long time as an important 
pest of the stored grain. Pingale etal. (1954) reported recently that this 


beetle reduces considerably the weight as well as the volume of the soft wheat 
in India. 


The damage caused to stored grain by the Trogoderma granaria larve on 
a farm in Israel was found to be similar to that reported from breweries and 
grain stores of Europe. The multiplication of the beetles was attributed to the 
installation of a large refrigerator in the grain store. The temperature in the 
upper layer of the grain heavily infected with the larve was about 43°C. 
The experiments have been carried out under controlled combined 


conditions of temperature and humidity. The following results were 
obtained :— 


> 
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Oviposition is possible at temperatures ranging from 20°C. to 43°C. 
and at humidities varying from 0% to 100% R.H. The eggs hatch at tempera- 
tures from 25°C. to 40°C. and at all humidities, with a high percentage of 
hatching, even at extremely high and low humidities. Vélkel observed ovi- 
position and very poor hatching even at 10°C. The threshold of develop- 
ment calculated from my results at 25 and 40°C. is 14-8° C. and that cal- 
culated from the Vélkel’s results for the same temperatures is 16° ad 


Preliminary experiments have shown that although the larve pupate 
and develop to imagines only within a comparatively narrow range of humidi- 
ties, they are able to pass into a state of torpor and remain in this state until 
more suitable microclimatic conditions allow them to develop further. 
Experiments aimed at investigating the combined effect of temperature and 
humidity upon the life-cycle of 7. granaria failed to give clear-cut results as 
the larve and pupz of this beetle use to enter into a kind of torpor in order 
to avoid the unfavourable microclimatic conditions. Even at most extreme 
conditions of humidity the beetles live long enough to be able to lay eggs 
(Tables I and V). 


It may thus be concluded that the high degree of resistance of the eggs, 
‘larve and beetles of 7. granaria to extreme conditions of humidity enables 
them to propagate in at least two entirely different biotopes, one out of doors 
in heaps of grain in Upper Egypt under hot and very dry conditions, and 
the other in a hot milieu of 40 to 43°C. in moist germinating grain in 
breweries. 


Cases of high resistance to extreme conditions of humidity seem to occur 
rarely in the insect eggs. Howe (1953) working on another Dermestid 
Dermestes Frischii Kug. was able to state that relative humidity has a more 
marked effect than temperature. Geyer (1947) has found that the relative 
humidity apparently plays no significant role in the normal physiological 
processes of Exochomus flavipes Thunb. (Coccinelidea, Coleoptera). The 
eggs of the insect are laid and develop at 0% and 90% of R.H. 


Trogoderma granaria Ev. presents another case of outstanding resis- 
tance to the extreme conditions of humidity. 


Although these two last mentioned species of beetles belong to different 
families, live in various biotopes and have completely different feeding habits, 
they both are well adapted to extreme conditions of humidity. 


V. SUMMARY 


Eggs and beetles of Trogoderma granaria proved highly resistant to 
extreme conditions of relative humidity. 


to 
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In particular some oviposition and egg development were observed 
even at and close to 0% R.H. This feature enables 7. granaria to develop 
in very divergent microclimatic conditions such as in germinating grain in 
breweries in Europe, and out of doors in heaps of grain in Upper Egypt and 
in primitive grain stores in Punjab. 
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INTRODUCTION 


TuE Daltonganj coalfield is situated in the Valleys of Koel and Amanat in 
the Palamau District of Bihar about eight miles due north of Daltonganj 
town. It is one of the three coalfields in the Palamau District, the other 
two being those of the Aurunga and Hutar. 


The author visited this coalfield in December 1952 when he was 
directing the field work of his post-graduate students in that area. Repre- 
sentative specimens of coals were collected for an examination of their micro- 
scopic constituents and further collections were kindly made available later 
by the Manager of the Rajhara colliery. 1am grateful to him for this act of 
kindness and also for supplying the bore-hole records and some information 
regarding the occurrence of coals in that colliery. 


This study was undertaken firstly in order to examine the microscopic 
constituents of the Daltonganj coals and to establish their relationship, if 
14 
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any, with coals of the neighbouring coalfield of Hutar where similar studies 
were made at about the same time. Secondly, the Daltonganj coals showed 
some marked physical features which made them appear quite distinct from 
the Hutar coals as also from those of the Damodar Valley coalfields. There 
was no data available in the field which would offer a possible explanation 
for this distinction and it was felt that the microscopic study might furnish 
a possible clue to account for the different nature of these coals. 


GEOLOGY OF THE AREA 


This coalfield was first known as the Palamow coalfield but was changed 
to the Daltonganj coalfield by Hughes (1872). 


The area enclosed by the Lower Gondwana formations is about 200 
square miles. Of this the Barakar formations cover an area of about 30 
square miles. The coal-bearing deposits are surrounded on all sides by the 
Talchir formations. According to Hughes (1872) and Ball (1881) the Talchirs 
are about 500 feet thick. The coal-bearing beds were assigned Karharbari 
age by Feistmantel (1883). The boundary of the coalfield is generally not 
well defined except on the north side, where there is a strong fault which 
brings the coal measures almost in contact with the crystalline rocks. With 
the exception of this main fault which is crossed by a secondary fault there 
are only small faults which have not effected the coal seams greatly. There 
are no younger formations except the intrusives in this field. The Aurunga 
and Hutar coalfields have Upper Gondwana formations also preserved but 
in the Daltonganj coalfield only the Talchir and Barakar series are present. 
Fox (1934, p. 32) observes: ‘‘ This northern field has evidently been subject 
to far more denudation as only the Talchir and Barakar (Karharbari) series 
are present.” 


Hughes (1872) has mentioned two instances of ‘ burnt outcrops’ of coal 
and carbonaceous matter in the northern part of the field. The associated 
shales have been converted into ‘a brick red rock’. 


La Touche (1891) has recorded instances of two intrusions. One at Singra 
in the southern part of the field is a vertical dyke from 12 to 15 feet thick 
cutting across the coal seams from south-west to north-east, and the coal in its 
vicinity has been altered. The other is in the northern part of the field where 
the trap “occurs in two bosses or necks, probably connected with each other, 
the sandstones and shales surrounding them being burnt to a deep red colour’’. 


Coal Seams 


The distribution of coal appears to be irregular and although two thick 
seams of any importance are found besides many thin seams, only one of 
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these is being worked at the moment. Ball and Simpson (1922) have ascer- 
tained the maximum thickness of this seam near Rajhara as 29 feet. 


In the colliery at Rajhara two seams each of about 14 feet thickness have 
been proved. These are designated as the Top seam and the Bottom seam. 
The Top seam is restricted to a small area which has been worked com- 
pletely, so that only the Bottom seam is being worked now and its thickness 
has remained more or less constant so far. The Bottom seam has been 
explored over an area of about 2 square miles. The dip of this seam is not 
constant. The average gradient is 1 in 15. There are indications of slight 
folding at some places. The physical characteristics of the coal of this seam , 
do not remain constant. 


The Manager of this colliery has kindly supplied details of two bore 
hole records. One was put down to a depth of 150 feet where the Bottom 
seam has been met with. Another was put down about 500 feet away from 
the first and a coal seam 14 feet thick was located at a depth of 42 feet. The 
strata above this seam comprise of yellow and brown sandy clay. This bore- 
hole goes down to a depth of 200 feet but no other important seam is 
located. 


A section of No. 13 Pit of Rajhara colliery as kindly supplied by the 
Chief Mining Engineer, Bengal Coal Co. Ltd., appears in Figure 1. 


In hand specimens these coals are distinctly of two varieties. One is 
laminated coal showing thick persistent bands of vitrain which may often 
split, and dull bands of durain. In the specimens examined the vitrain bands 
vary considerably in thickness. There are a few bands about 1 to 1-5cm. 
thick and many thinner bands varying in thickness from i to4mm. Vitrain 
shows cleats and fractures and is bright to greasy in lustre with a conchoidal 
fracture. The dull bands appear dark grey to black and finely granular 
showing innumerable shining specks or granules uniformly dispersed in 
the bands. Here and there thin strips of vitrain may be seen in these bands. 
Fusain layers occur abundantly and strips of charred wood are exposed in 
large numbers if the coal is split along fusain layers. 


The second variety differs from the type described above in the fact that 
it is generally non-laminated. There are a few thin bands of vitrain about 
1 to 3 mm. thick, the major part of coal being formed of the dull variety of 
the same nature as described above. Fusain layers appear more numerous 
in this type of coal. 


There appears a gradual transition of one variety into the other. 
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TOTAL DEPTH __ GROUND LEVEL 
feet zn = 


DESCRIPTION OF STRATAS 


SURFACE SO/L 


SOFT GREY SAND STONE 
SOFT BROWNISH SANO STONE 


BROWN/SH SANO STONE 
GREY SAND STONE 


BROWM/ SH SANO STONE 


WHITISH SAND STONE 
GREY SAND STONE 


WHIT/S #4 SAND STONE 


GREY SANO STONE 


BLACK SHALE 


BLACK SHALE 

BLACK SHALE 

COAL 

BLACK SHALE 


HARO GREY/SH SANO STONE 
HARO BLACK SANOY SHALE 


BLACK CARBONACEOUS SHALE 
BLACK SHALE 

COAL 

CARBONACEOUS SAND STONE 
BLACK SHALE 


COAL 


BLACK SHALE 
COAL 
BLACK SHALE 


COAL 


SHALE 


INFERIOR COAL WITH SHALE 
BLACK SHALE 
GREY SAND STONE 


Company, £70) 


Fic. 1, No. 13 pit. 
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MICROSCOPICAL EXAMINATION 


The microscopic examination was made on polished surfaces in reflected 
light under oil immersion. All attempts to obtain thin sections have met 
with no success. This is due to the fact that these coals are largely composed 
of high rank tissues of fusain and vitro-fusain and the durain seems to be 
devoid of any low rank constituents like spore exines, resins and low rank 
vitrinite. A noteworthy feature is the presence of fungal bodies in large 
numbers which have disintegrated and destroyed the woody tissues. Fusi- 
nised materials are very abundant and closely associated with the fungal 
bodies. Large patches in vitrain bands are filled with pyrite grains which 
are scattered abundantly in the durain also. The durains appear more 
compact and markedly different than those of the other Indian Lower 
Gondwana coals. 


A detailed description of constitucnts in the different coal components 
‘ollows. 


(a) Fusain and Vitro-fusain 


It is well known that these components of coal are largely composed 
of woody tissues. Their different modes of preservation are shown in Plate I, 
Figs. 1 to 6 and Plate Il, Figs. 1, 2 and 3. 


A transverse section showing wood fibres with empty cavities is shown 
in Plate I, Fig. 1. Some fibres show secondary thickenings of their walls. 
This is specially well seen in the top left-hand corner of this figure. 


Plate I, Fig. 2 shows serially arranged secondary elements in wood 
with more or less rectangular cells slightly thickened at the corners. In 
the upper and lower sides this structure is seen to pass into a broken and 
crushed mass of cells produced on account of compression. Plate I, Fig. 4 
shows that the bogen structure in the right-hand side is passing in the central 
part into fibres of wood cut longitudinally and folded at places due to effects 
of pressure. In the left-hand side bogen structure is again preserved. 
Typical thick-walled tracheids of wood cut transversely showing a con- 
siderable degree of scalariform thickening appear in Plate I, Fig. 3. 


Two oval patches of fusain in a closely compressed durain band appear 
in Plate I, Fig. 5. The walls of these fibres are comparatively thinner and 
show scalariform thickenings here and there. This tissue has a_ higher 
reflectance as compared to that in Plate I, Fig. 3 and may have consequently 
undergone a greater degree of carbonization. 


A tangential section of woody tissue in fusain is seen in Plate I, Fig. 6. 
It shows a band of closely compressed long tracheids with pits. Uniseriate 
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ray cells with thin walls are clearly seen in this tissue. The width of rays 
is equal to that of a single cell, and in height there are generally three rows 
of cells. A longitudinal section showing comparatively thick fibres with rows 
of bordered pits clearly preserved appears in Plate II, Fig. 1. The pits are 
distinctly seen in a fibre near the upper edge of this figure. Another band 
with considerably thickened fibres which have been partly decomposed by 
the action of fungal organisms is seen in Plate Il, Fig. 2. Some of the de- 
composition product is seen in the top right-hand side. 


A tissue in vitro-fusain showing bogen structure and passing into a 
structureless apparently uniform band on the left-hand side appears in Plate II, 
Fig. 3. It is clear that we are dealing here with one band as the cell walls 
are continuous and merge with the structureless part. It is rather difficult 
to explain how this phenomenon is brought about. The bogen structure is 
produced by increasing compression in a band of tissue in which the cell 
cavities were largely empty. It may be that we have here two metamorphic 
steps in the transformation of vitrain to fusain as shown by Seyler (1948). 


(b) Vitrain 


The components of vitrain do not generally reveal any structures in 
polished surfaces owing to the fact that the cell cavities are usually filled 
with a pale coal substance which has almost the same reflectance as that of 
the cell wall. A band of woody tissue in vitrain showing the cells slightly 
folded and filled with some coal substance appears in Plate II, Fig. 4. The 
reflectance of vitrain components is considerably lower than those of fusain 
and vitro-fusain materials with the result that vitrinite bands appear less 
bright. Owing to a slight difference in the reflectance of cell contents and 
those of the cell walls the structure has come out rather clearly. This picture 
confirms the observation that unlike fusain the vitrain tissues show cells which 
have their cavities filled and have yielded to pressure by having undergone 
a slight deformation. On the other hand vitro-fusain and fusain tissues 
have generally empty cell cavities and can resist the pressure to a considerable 
extent, but the cell walls usually break under strong compression producing 
bogen structures. 


Inclusions of pyrite occur quite commonly in the bands of vitrain. A 
large cavity filled with small grains of pyrite appears in Plate II, Fig. 5. 
Fungal bodies 


A characteristic feature of the Rajhara coals is the presence of large 
numbers of fungal bodies in bands of wood in the different coal components. 
These fungal bodies are shown in Plate II, Fig. 6 and Plate III, Figs. 1 to 5, 
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They have produced considerable decay of woody material and are found 
associated with fusain in large numbers. Some of them are no doubt similar 
to those described in the Hutar coals (Ganju, 1955). 


Plate II, Fig. 6 shows an oval fungal body resembling sclerotia. It 
has a carved outline and is embedded in a band of wood. A group of round 
and oval fungal bodies with a hard thick outer rim enclosing a mass of cellular 
tissue appears in Plate Ill, Fig. 1. They are seen to have produced a 
complete decomposition of the surrounding woody tissues. 


A different form of a fungal body in a band of wood is seen in Plate III, 
Fig. 2. A long narrow body tapering at one end and rather blunt at the other 
end appears in Plate Ill, Fig. 3. It is associated with rounded and irregular 
bodies of probable fungal origin. Plate ILI, Fig. 4 shows the fungal bodies 
occurring in large numbers in a band of fusain which has been disintegrated 
and decomposed by the action of these organisms. This fact is seen perhaps 
more clearly in Plate Ill, Fig. 5 where a colony of round fungal bodies 
resembling sclerotia have produced a complete disintegration of a woody 
tissue in fusain. A part of an undecomposed woody band is seen near the 
upper edge. 


A peculiar object having a carved outline and showing a thick-walled 
rim appears in Plate III, Fig. 6. The probable origin of this solitary object 
is difficult to explain till some more material of this nature is observed. 


(c) Durain 


The durain is compact and generally devoid of low rank tissues of vitrain, 
spore exines and resin bodies. The mineral matter appears to be scarcely 
present, but small grains of pyrite occur abundantly. All that is visible is 
a compact mass of highly carbonized, disintegrated and partly decomposed 
woody tissue closely associated with fungal bodies. This fact is clearly 
revealed in Plate III, Fig. 4. Plate III, Figs. 7 and 8 show two durains in 
which the action of fungal bodies is apparent. Figure 7 shows a broad band 
of wood with empty irregular cavities which have no doubt been produced 
as a result of decomposition. A noteworthy feature lies in the fact that this 
band shows a clear line of demarkation into two, one having a greater 
reflectance than the other. This phenomenon may again show that we are 
probably dealing with two distinct steps in the process of transformation 
of vitrain into fusain which was observed earlier in Plate II, Fig. 3. Figure 8 
reveals that the decomposition has proceeded in round and oval patches 
presumably due to the action of fungal bodies like sclerotia. Nothing is 
seen of these organisms except some remnants observed in a patch in the 
lower part of the figure. 
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Causes of Carbonization 


It is quite clear from the microscopical examination that the Daltonganj 
coals are composed mostly of highly carbonized materials associated with 
fungal bodies in large numbers. Increased carbonization in coals could 
possibly be brought about in three ways (Lewis, 1934; Stadnichenko, 1934): 


(1) Due to increasing metamorphism on account of deep seated hori- 
zontal thrust pressures or due to the depth of cover and the rise in tempera- 
ture and pressure gradients associated with it. 


(2) On account of high temperatures produced from intrusive and igneous 
rocks. The effect is local and in this way natural coke is produced rather 
than a high rank coal. 


(3) Due to the activities of bacterial and fungal organisms. These 
produced rapid destructive changes and attacked all woody materials in 
the peat stage when the vegetation was rotting in the air or decaying under 
water. 


Results of several proximate analyses of Daltonganj coals (Hughes, 1872; 
Ball, 1881; La Touche, 1891; Fox, 1934) show that they are very variable 
in composition and contain a high percentage of ash. They may be classed 
as low volatile bituminous coals with high ash contents. 


Regarding the nature of rocks in the northern part of this coalfield 
Hughes (1872, p. 339) observes: “‘ The rocks undulate very much and rise 
up often in swelling bosses, producing a repetition of beds and irregularity 
in their line of outcrops.” 


La Touche (1891) has described two intrusions of igneous rocks in this 
coalfield. One of these is a vertical dyke about 12 to 15 feet thick which 
has cut across the coal seams and altered it in its neighbourhood; the other 
is a highly vesicular trap which ‘ occurs in two bosses or necks’. This author 
observes: ‘‘ Probably the greater disturbance of the coal measures east of 
Rajhara is due to the existence of these outbursts of trap and it is not un- 
likely that they are connected with dykes beneath the surface % 


It is, however, not probable that the carbonization was brought about 
due to the action of any igneous intrusions for the reason that dykes and 
sills are comparatively absent in the workings. An igneous intrusion pro- 
duces a marked effect on coal in its neighbourhood. The coal loses 
its banding, its structure is destroyed and it is converted into coke. The 
change takes place abruptly and may be spread upto a distance of 15 feet 
or so from the contact, but further away the coal shows no visible signs of 
alteration. Marshall (1936) has described in detail the effects of igneous 


: 4 
q 
t 
1, 
is 
d 
in ‘ 
id 
‘ 
LIS 
er 
re 
8 
ies 
1S 
he 


22 P. N. GANJu 


dyke alteration of coal. He observes: ‘‘ The evidence of the microscope 
indicates that the coal becomes plastic at a very early stage in the alteration 
and responds readily to distorting pressures. The alteration rapidly des- 
troys the structure of the coal, and bubble cavities, veins and cracks appear 
in increasing numbers. The sole relicts of the original structure of the coal 
at this stage are fragments of fusain which survive unchanged the most 
severe conditions of alteration.” 


The present thickness of overburden above the bottom seam is less than 
150 feet, but its original thickness was probably much greater at one time 
and a considerable load of overlying strata may have been removed when 
they were later tilted and subsequently denuded away. It is very likely, 
therefore, that the increased carbonization was brought about in part by an 
increase in temperature and pressure due to the thickness of overburden or 
due to effects of deep-seated horizontal thrust movements. Although there 
is no evidence of any extensive faulting in this coalfield, the boundary on the 
north side is marked by a strong fault and in addition there are many small 
faults. 


Another possibility is that the fungal organisms and perhaps bacteria 
have played a substantial part in the carbonization of woody tissues in the 
peat stage producing a large proportion of fusain. In this connection refer- 
ence may be made to the interesting work of Mackenzie Taylor (1927, 1928) 
who observes (1927, p. 499): “‘ As peat can be decomposed by bacteria under 
an alkaline roof, and as vegetable material decomposed in such a situation 
yields a solid reduction residue with a fusain structure, the occurrence of a 
peat deposit containing fusain under an alkaline soil points to the conclu- 
sion that fusain is a decomposition product of peat under the alkaline anaero- 
bic conditions imposed by a roof containing hydrolysing sodium-clay.” 


Regarding the action of fungi Moore (1947) observes: ‘‘ The action 
always seems to result in a change from the production of oxygenated hydro- 
carbon compounds of the living plant to a breaking up of these into such 
simple compounds as the oxides of carbon.” 


The occurrence of fungal organisms in such large numbers in these 
coals and their close association with the decomposition products of the 
fusain materials makes it probable that the carbonization was in part brought 
about by the action of fungal bodies. 


The nature of microscopic constituents of these coals is more or less 
similar to those of the Hutar coalfield. The woody tissues preserved as 
fusain and vitro-fusain and growth of similar types of fungal organisms is 
observed in the coals of both these coalfields. One point of distinction, 
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however, lies in the fact that the Daltonganj coals are highly carbonized 
and their tissues are greatly decomposed by fungal organisms. It is clear 
that in the nature and composition of their constituents the coals of the 
Daltonganj coalfield like those of the Hutar coalfield are markedly different 
from coals of the Damodar Valley coalfields. This fact may lead to the 
probable conclusion that the Daltonganj and Hutar coals were formed in 
nearby basins under nearly similar conditions. 


SUMMARY AND CONCLUSIONS 


The Daltonganj coalfield is one of the three coalfields in the Palamau 
District of Bihar. The Lower Gondwana formations include the Talchir 
and Barakar series. Two thick coal seams of some importance besides many 
thin seams are found. The distribution of coal appears to be irregular. 


An examination of the representative specimens of coals from the 
Bottom seam in the Rajhara Colliery reveals that in their physical characteris- 
tics these coals are of two distinct varieties. One is a banded type showing 
thick persistent bands of vitrain with a bright to greasy lustre and a conchoidal 
fracture and dark grey to black and finely granular bands of durain. The 
other type is generally non-banded but may sometimes show a few thin bands 
of vitrain. Fusain layers showing charred strips of wood occur abundantly 
in both these varieties, but seem to be more numerous in the latter type. 


An examination of microscopic constituents on polished surfaces has 
shown that these coals are largely formed of highly carbonized opaque 
constituents. The fusain and vitro-fusain tissues are composed of wood 
fibres often showing scalariform thickening and clearly preserved bordered 
pits. Uniseriate ray cells are observed in tangential sections. Due to the 
effects of compression the tissues have undergone folding and fracturing 
producing the characteristic bogen structure. The woody tissues in vitrain 
have the cell cavities filled with some coal substance and show considerably 
lower reflectance as compared to the constituents of fusain and vitro-fusain. 
Transition between vitro-fusain tissues showing typical bogen structure 
and those which are structureless is also noticed. Inclusions of pyrite occur 
abundantly in bands of vitrain. 


Different forms of fungal bodies some of which almost certainly resemble 
sclerotia are present in large numbers. They have produced a large-scale 
decay of woody elements and are found generally associated with fusain 
materials. 


The durain is compact and. generally devoid of low rank tissues of 
vitrain, spore exines and resin bodies. Decomposition products produced 
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by fungal organisms are abundant. The mineral matter appears to be 
- scarcely present, but small grains of pyrite occur abundantly. 


It is likely that the high carbonization of different tissues in these coals 
was brought about in part by an increase in temperature and pressure due 
to the thickness of overburden, or due to the effects of deep-seated horizontal 
thrust movements and partly by the action of fungi and bacteria in 
the peat stage when the vegetation was rotting in the air or decaying 
under water. 


In. the nature of their microscopic constituents these coals are more or 
less similar to the Hutar coals but markedly different from those of . the 
Damodar Valley coalfields. It is probable that the Daltonganj and Hutar 
coals were formed in neighbouring basins under similar conditions. 


ABSTRACT 


An examination of coals from the Bottom seam in the Rajhara Colliery 
has revealed that in their physical characteristics these coals are of two varie- 
ties. One is a typically banded coal and the other largely non-laminated. 
The vitrain bands are bright to greasy in lustre and the dull coal is dark grey 
to black in colour and finely granular. 


The microscopic examination of polished sections reveals that these 
coals are generally composed of highly carbonized woody tissues preserved 
as fusain and vitro-fusain. The constituents of vitrain are also largely com- 
posed of woody elements showing their cell cavities filled with some coal 

substance. Folding and fracturing of tissues as a result of compression is 
evident. Inclusions of pyrite are fairly common in bands of vitrain. 


Fungal bodies some of which resemble sclerotia are abundant and have 
produced a widespread decomposition of the tissues. They are found 
closely associated with fusain materials. 


The durain is compact and appears to be generally devoid of low rank 
tissues, spore exines and resin bodies. Mineral matter is scarcely present. 


It is likely that the high carbonization was brought about partly by 
metamorphism due to superincumbent load or due to deep-seated horizontal 
thrusts and partly due to the action of fungi and bacteria in the peat stage. 


In their microscopic composition these coals resemble those of the 
Hutar coalfield and it is probable that similar conditions of deposition were 
prevailing in the two basins, 
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EXPLANATION OF PLATES 
(All figures are from polished surfaces in reflected light under oil immersion) 


I 


Fics. 1-6. Fig. 1. A transverse section of wood fibres showing secondary thickenings 
clearly preserved in the top left-hand corner, x100. Fig. 2. A group of serially arranged scalari- 
form tracheids. In the upper and lower sides this structure passes into a crushed mass of cells 
formed probably on account of compression, x220. Fig. 3. A transverse section of thick-walled 
tracheids of wood showing a considerable degree of scalariform thickening, x220. Fig. 4. Thin 
fibres of woody tissue in fusain cut longitudinally and slightly folded are seen in the central part. 
This structure passes into bogen structure at the right-hand and left-hand sides, x100. Fig. 5. Two 
oval patches of fusain showing transversely cut woody elements with scalariform thickening. The 
reflectance of this tissue is higher than that in Fig. 3 suggesting that it has undergone a greater 
degree of carbonization, x100. Fig. 6. A tangential section of woody tissue in fusain showing 
closely compressed long tracheids with pits in the walls. Uniseriate thin-walled ray cells are 
conspicuous in this tissue. The rays are a single cell in width and generally three cells in height, 
x 220. 
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Prate II 


Fics. 1-6. Fig. 1. A longitudinal section of thick fibres showing rows of bordered pits. 
The fibre near the upper edge shows it very clearly, x220. Fig. 2. A band of considerably 
thickened fibres showing that it is partly decomposed by the action of the fungal bodies. 
A part of the decomposition product is seen in the top right-hand side, x100. Fig. 3. 
A transverse section of a band of vitro-fusain showing its typical bogen structure at the 
right-hand side and appearing structureless apparently uniform on the left-hand side, x 220. 
Fig. 4. A band of wood in vitrain showing that the cell cavities are filled with some coal sub- 
stance. The cells have undergone slight deformation due to compression, x220. Fig. 5. A 
large inclusion in a band of vitrain filled with closely packed small grains of pyrite, x220, 
Fig. 6. An oval body with a carved outline resembling sclerotia, in a band of wood, x220. 


Prate 


Fics. 1-8. Fig. 1. A group of oval and rounded fungal bodies showing a hard thick outer 
rim and a mass of cellular tissue inside. The surrounding tissue has been completely decomposed 
due to the action of these fungi, x220. Fig. 2. Two fungal bodies in a partly decomposed band 
of wood, 220. Fig. 3. A long narrow body tapering at one end and blunt at the other end 
is associated with rounded and irregular bodies of probable fungal origin. The surrounding tissue 
shows signs of decomposition, x220. Fig. 4. A group of fungal bodies in a band of fusain which 
has been decomposed and disintegrated, x100. Fig. 5. A colony of round fungal bodies resembl- 
ing sclerotia which have produced a complete disintegration of a woody tissue in fusain, x220, 
Fig. 6. An oval body with a carved outline and a thick-walled rim, in a compressed durain. 
220. Fig. 7. A durain showing a broad band of wood with irregular cavities produced due 
to fungal decomposition. Fragments of cells of fusain material are seen irregularly distributed. 
The band of wood shows a line of demarkation in two parts, one having a greater reflectance than 
the other, x220. Fig. 8. A band of wood showing fungal decomposition in oval and rounded 
patches. In the lower part the patch shows some fungal remnants, x220. 
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STUDIES ON THE NEUROSECRETORY SYSTEM 
OF IPHITA LIMBATA STAL. 


Part II. Acid Phosphatase and Cholinesterase in the Neurosecretory Cells 


By K. K. NAYAR 
(Department of Zoology, University College, Trivandrum) 


Received June 18, 1955 
(Communicated by Dr. C. S. Venkateswaran, F.A.Sc.) 


INTRODUCTION 


IN the study of the finer structural details of neurosecretory cells, a determina- 
tion of their enzyme content would seem desirable inasmuch as these specia- 
lised neurons perform functions which require high metabolic activity. 
Only few studies of this kind have been undertaken, none of them in insects. 
The present paper reports on the localisation of certain enzymes in the neuro- 
secretory cells of the brain and of the metathoracic ganglion of the common 
Indian plant bug Iphita limbata Stal. (Pyrrhocoridae: Hemiptera—see 
Nayar, 1953, 1955). 
METHODS 


The neurosecretory cells of the pars intercerebralis of the brain of the 
adult insects were dissected out with as little additional brain tissue as possible 
under the dissecting microscope. Very often it was possible to pick up the 
cluster of 16 cells on each side with just a film of brain tissue supporting it, 
so that the treatment was practically confined to the neurosecretory cells. 
After being rapidly washed in buffer, the material was placed in a dish con- 
taining the incubating medium for the specific enzyme. The lead method 
of Gomori (1952) was used for acid phosphatase. Control material treated 
with Lugol’s iodine or boiling water which inactivated the enzyme was also 
studied. Incubation periods of 6 to 8 hours at 37° C. gave the best results. 
For alkaline phosphatase, the method recommended by Gomori (1952) 
was employed. Koelle’s method, as modified by Gomori (1952), was used 
for the study of cholinesterase and proved successful. The preparations 
were mounted in Farrant’s medium. Seligman and Rutenberg’s (1951) 
and Shelton and Schneider’s (Pearse, 1953) methods were used for the study 
of succinic dehydrogenase. The latter proved more satisfactory. Control 
sections were incubated with sodium malonate added to the mixture. 
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OBSERVATIONS 


In the neurosecretory cells of the pars intercerebralis acid phosphatase 
may be observed in considerable amounts. Whereas the nuclei of these 
cells show comparatively less enzyme than those of ordinary ganglion cells, 
the cytoplasm of secreting neurons may be so full of it that details of struc- 
ture and localisation are obscured (Fig. 1). In cells flattened by pressure 
and in those where the enzyme is less abundant, the granular nature of its 
deposits becomes apparent. Some neurosecretory cells did not seem to 
contain acid phosphatase; they may have been in a different phase of secre- 
tory activity at the time of fixation. The enzyme was absent in control 
preparations in which it had been inactivated by Lugol’s solution or boiling 
water. 


The neurosecretory cells of the metathoracic ganglion showed the same 
results as those of the pars intercerebralis (Fig. 2). 


No indication of alkaline phosphatase was seen in the neurosecretory 
cells of Iphita. 


Cholinesterase appears in the form of brown, irregular particles in the 
neurosecretory cells of the brain. These particles are loosely distributed 
in the cytoplasm and extend into the axons. Their presence imparts an 
over-all brown colouration to the pars intercerebralis. 


With neotetrazolium according to Shelton and Schneider’s technique, 
it was observed that the neurosecretory cells alone remain colourless, while 
the rest of the brain tissue becomes deep purple. This indicates the absence 
of succinic dehydrogenase in the specialised cells. When blue tetrazolium 
was used according to Seligman and Rutenberg’s method, the formation 
of blue diformazan particles was noted in the cytoplasm of the nerve cells 
with the exception of the neurosecretory neurons. Rarely the cytoplasm 
of the neurosecretory cells showed red coloured granules (monoformazan) 
indicating sites of low succinic dehydrogenase activity. 


DISCUSSION 


No study has so far been reported on the enzyme content of neurosecre- 
tory cells in invertebrates. 


High concentrations of alkaline phosphatases have been found in various 
secretory cells (Danielli, 1954), including neurosecretory cells in mammalian 
hypothalamic centres (Scheibler: see Scharrer, E ‘and B, 1954). It is of 
interest to note that alkaline phosphatase is absent in the neurosecretory 
cells of Iphita limbata, and that in this insect its place is taken by a phos- 
phatase in the acid pH range. This observation is in line with the report 
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of Erank6 (quoted by Scharrer, E. and B., 1954) who found acid phosphatase 
in the hypothalamic neurosecretory cells of certain mammals. Regarding 
the phosphatase content of the nuclei of nervous tissue, acid phosphatase 
is less abundant in those of the neurosecretory cells than in those of ordinary 
nerve cells. By contrast, the nuclei of a variety of other cell types seem 
to contain alkaline phosphatase (Chevremont and Firket, 1953; Danielli, 
1954). 


According to Pearse (1953) acetyl cholinesterase is the predominant 
enzyme in the central nervous system and in sympathetic ganglia. Richards 
and Cutcomp (quoted by Roeder, 1953) have shown that the ganglia of 
Periplaneta and the brain of Apis contain proportionally more true choline- 
sterase than mammalian autonomic ganglia. In this connection it is of 
interest that the neurosecretory cells of Iphita limbata contain a moderate 
amount of cholinesterase which appears in the form of brownish particles 
in the cytoplasm of the perikaryon and axon, but seems absent in the 
nuclei. 


Whereas no succinic dehydrogenase has been observed in the neuro- 
secretory cells of Iphita, we have been able to demonstrate it in the A and 
B types of neurosecretory cells in the thoracic ganglion of the crab Para- 
telphusa hydrodromous (Nayar and Parameswaran, unpublished). 


SUMMARY 


1. Most of the neurosecretory cells of the brain of Iphita limbata have 
a high concentration of acid phosphatase in their cytoplasm. Some cells 
do not show the enzyme in the cytoplasm. The nuclei of the ordinary brain 
cells contain acid phosphatase, but those of the neurosecretory cells show 
comparatively smaller amounts. The neurosecretory cells of the meta- 
thoracic ganglion also contain this enzyme. 


2. The cytoplasm of the neurosecretory cells of the brain contains 
cholinesterase. 


3. Alkaline phosphatase and succinic dehydrogenase are absent in 
the neurosecretory cells of the brain. 
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EXPLANATION OF FIGURES 


Fics. 1-2. Fig. 1. Pars intercerebralis of the brain of an adult female of Iphita limbata 
Stal., showing three neurosecretory cells completely blackened being localisations of acid phos- 
phatase. The large nuclei are those of the neurosecretory cells and the smaller ones are those 
of ordinary neurons. After 6 hours of incubation, x160. Fig. 2. Part of metathoracic ganglion 
showing the nuclei as seats of acid phosphatase. Some of the neurosecretory cells are seen with 
cytoplasm containing abundant acid phosphatase, x95. 


| 
% | 

2 

oe 

. 

; 

2 


: 


Proc. Ind. Acad. Sci., B, Vol. XLII, Pl. IV 
FIG, 2 


K. K. Nayar 


4 
| 
a 
ys 
4 7 
ois 
| 
4 
i 


UTILIZATION OF VARIOUS NITROGENOUS 
COMPOUNDS BY CERTAIN PSEUDOMONAS 
CULTURES FROM MARINE ENVIRONMENTS * 


By R. VENKATARAMAN AND A. SREENIVASAN 
(Fisheries Technological Station, Kozhikode) 


Received May 21, 1955 
(Communicated by Dr. P. S. Sarma, F.a.sc.) 


It has been suggested by Campbell and Williams (1951) that the species 
Achromobacter were ubiquitous because of their very simple nutritional 
requirements. It is also well known that most of the pathogens are exacting 
in their requirements of growth factors. In order to understand the bacterial 
spoilage of fish it was thought desirable to know the ability of these sapro- 
phytes to utilize simple, defined chemical compounds. The object of this 
work was also to see whether any taxonomical differentiation of species 
could be made, based on the utilization of various nitrogenous compounds. 
This preliminary work was carried out with pure cultures of Pseudomonas 
obtained from marine environments. A complete description of these is 
given elsewhere (Sreenivasan and Venkataraman, 1954). 


MATERIAL AND METHODS 


The cultures isolated were from offshore sea water and from green 
mussels (Mytilus edulis) from inshore beds. The cultures were divided into 
seven groups on the basis of the descriptive chart prepared for them. 
Details of the division are given in Table I below. 


The following media were used in studying the utilization of amino 
acids. 

(1) Giltay’s medium using asparagine or other nitrogenous compounds 
replacing it. 

(2) Giltay’s medium in which sodium citrate is replaced by glucose 
in 1% concentration and the appropriate nitrogenous compound in place 
of asparagine. 

(3) Fred and Waksman’s medium No. 56 (0-1% KNO,, 0:05% K,HPO,, 
0:05%, CaCl, 6 H,O and 1% glucose). 


* Published with the kind permission of the Director of Industries and Commerce (Fisheries), 
Madras. 
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TABLE I 


Showing the groups of cultures studied and their source 


Number 
Group of Source Identity Remarks 
cultures 
Offshore sea water Pseudomonas ‘Marine’ species; does 
A 9 plated on sea- marinodenitrifi- not grow in fresh-water 
water agar cans N. sp. media. Non-pigmented. 
Very similar to the above 
Same as above Pseudomonas sp. except for the ability to 
B 2 plated on fresh- grow on _ fresh-water 
water agar media. 
Grows well on fresh-water 
Cc 2 Same as above Ps. denitrificans media also. No growth 
plated on sea- at 37°C. but good 
water agar incu- growth at 28-30° C. 
bated at 40°C. 
Greenish fluorescent pig- 
D 1 From Mussels _ Ps. @ruginosa ment produced but not 
as marked as in ‘G’. 
Spasmodic and weak pro- 
E 1 From Mussels Pseudomonas sp. duction of greenish pig- 
ment. 
Non-pigmented probably 
,F 1 From Mussels Pseudomonassp. new species. 
Very pronounced pigment 
G 1 From Mussels _ Ps. @ruginosa 


producer in contrast to 
D > 


All these media contained sodium chloride equal to that present in sea 
water. Strictly ‘marine’ bacteria were found to grow in media if sea water 
is replaced by 3-2 to 3-5% NaCl. The pH of the media was adjusted to 
7-2. (At this pH, a few of the amino acids used were in suspension.) 


After inoculation and incubation at 37°C. (except Group ‘C’ which 
was incubated at room temperature) cultures were tested for nitrites and 
ammonia. Uninoculated controls were also tested for these. Growth 
was recorded by turbidity. In some cultures though growth was not visually 
observed slight reduction of nitrates to nitrites was detected. Denitrification 
was recorded by noting gas formation in the inverted Durham tubes. 
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RESULTS 


The results on the utilization of various amino acids, and other nitro- 
genous compounds by the seven groups of Pseudomonas are tabulated in 
Table II. Table III shows the number of nitrogenous compounds utilized 
by each culture while Table IV shows the number of cultures utilizing each 
amino acid. 

With potassium nitrate as the only source of nitrogen and glucose as 
the only source of carbon, only Group G (Ps. eruginosa) grew well and even 
reduced nitrates to gaseous nitrogen. In the case of all other cultures, 
nitrate could not be utilized as a source of nitrogen; hence it was also inclu- 
ded in the medium to indicate whether these latter organisms could derive 


the energy for reduction of nitrates or for denitrification, from the various 
nitrogenous compounds supplied. 


DISCUSSION 


In the utilization of single amino acids as sole organic source of nitrogen, 
there was a marked difference between the various species of Pseudomonas 
listed here. Taking Groups A and B, which are exactly identical with regard 
to their morphological, cultural and biochemical characters in the descrip- 
tive chart, but which differed only in their ability to grow in fresh-water 
media, we noticed a wide divergence on the basis of the availability of single 
amino acids for growth and denitrification. For the strictly ‘ marine’ 
Group A (Ps. marinodenitrificans n. sp.) only glutamic acid provided the 
energy for denitrification, while for the Group B glutamic acid did not, but 
arginine, choline, histidine, phenylalanine, tryptophane, tyrosine and urea 
provided the necessary energy. Thus the requirements of Group B are 
satisfied by single amino acids while those of Group A are not. In fact 
for Group A tyrosine, tryptophane and histidine did not even permit growth. 
These two organisms which are identical could thus be separated on the 
basis of amino acid utilization. 


Two other cultures which are almost identical but show differential 
utilization of amino acids are Groups D and G. Both appear to be 
Ps. eruginosa, morphologically, culturally and biochemically but in Group D 
production of greenish fluorescent pigment was neither pronounced nor 
regular whereas in G, it was quite intense and regular in all media. From 
Table II it could be seen that there is a difference in their ability to utilize 
single amino acids. Glycine, phenylalanine and urea were utilized by 
Group G but not by ‘ D’ for denitrification. More important and signifi- 
cant difference is that Group G utilized the nitrogen from nitrates in the 
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TABLE III 


Showing the number of nitrogenous compounds out of 13, utilized by 
Pseudomonas strains 


Number of compounds utilized 
in the presence of 
Group 
Sodium citrate Glucose 
£ A 5 (0) 7 
¢ B 8 (7) 4 (0) 
9 (1) 9 (1) 
g D 10 (4) 10 (3) 
; E 3 (1) 9 (0) 
F 10 (10) 8 (6) 
G 10 (8) 11 (6) 
3 ‘ Figures in brackets indicate the number of compounds in the presence of which denitri- 
ZOZ fication occurs. 
Hut TABLE IV 
oZ 
Q 


Showing the number of cultures out of 7 utilizing individual amino acids 


3 : Number of cultures utilizing 
2 Amino acid the amino acid in the presence of 
= or 
a other compounds Citrate Glucose 
2 

Arginine 7 (4) 6 (2) 
Choline .. 7 (4) 3 (0) 
Cystine .. N.T. 7 (2) 
Glutamic acid... N.T. 7 (4) 
Glycine .. 5 (2) 5 (1) 

' Histidine 5 (2) 2 (0) 

Phenylalanine... 5 (3) 6 (2) 
Tryptophane ... 5 (3) 5 (3) 
Tyrosine 5 (4) 6 (2) 

Valine .. 5 (0) 
tor Asparagine ls 5 (5) N.T. 
Urea... 5 (3) N.T. 
Potassium nitrate ‘a 1 (1) N.T. 


Legend: 


Figures in brackets indicate the number of cultures, deriving energy for denitrification. 
N.T. = Not tested; (?) = Questionable growth—poor, 
Be 
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presence of glucose, liberating gaseous nitrogen, while Group D did not even 
grow under these conditions. It is thus clear that these two apparently 
similar organisms are two different species. 


Group F culture was the most energetic denitrifier utilizing arginine, 
choline, glutamic acid, glycine, histidine, phenylalanine, tryptophane, tyro- 
sine, valine, asparagine and urea. Cystine was utilized for growth but de- 
nitrification did not take place. Group E showed very poor utilization of 
amino acids while Group C was slightly better in this respect. As regards 
the number of single nitrogenous compounds utilized by any one culture, 
Group G utilized the maximum of eleven compounds out of thirteen while 
Groups F and D used ten each. However Group F denitrified in the 
presence of ten compounds whereas it was lower in other cultures. Cultures 
A, Cand E obtained the energy for denitrification, only from one amino 
acid each. 


Though Ostroff and Henry (1939) have stated that twelve of the fifteen 
marine bacteria were able to utilize some of the nitrogenous compounds 
only in the presence of glucose, it was not always true as could be seen from 
Table UI. Further in the presence of glucose and amino acids denitrifica- 
tion was effected less often than in the presence of citrate. Porter (1950) 
also reviewed that glucose was inferior to glycerol and lactic acid in sup- 
porting the utilization of amino acids by Eb. typhosa. Tamboline (1953) 
has shown that Pseudomonas hydrophila can utilize asparagine, serine, alanine, 
aspartic acid or ammonium citrate as sole nitrogen sources, that histidine 
and tyrosine supported poor growth and that nitrates were not utilized. 
Our results also show that histidine supported poor growth but tyrosine 
was utilized better and by greater number of cultures. This is contrary to 
the findings of Ostroff and Henry (/oc. cit.) that “ tyrosine was to some extent 
toxic and that it was either unavailable, or was a poor nutrient for bacteria’. 
But with our strictly ‘ marine’ Ps. marinodenitrificans, tyrosine did not favour 
growth, whether glucose or citrate was added as source of carbon. Our 
results are in agreement with those of Ostroff and Henry (Joc. cit.) in respect 
of the ready utilization of glutamic acid. Cystine was utilized by all cultures 
tested by us while Ostroff and Henry noted its utilization by only three of 
the fifteen cultures. None of their cultures grew with guanidine though 
all our seven cultures utilized arginine whch has the guanidine nucleus. 
From Table II it will be seen that valine supported very poor growth and 
that glycine was only slightly better. Histidine also supported only poor 
growth. Amino acids of the aromatic series like tyrosine, tryptophane and 
phenyl alanine were available for quite a large number of cultures for growth 
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as well as to provide the energy for denitrification. Porter (1950) cites the 
instance of tryptophane being utilized by most of the strains of Eberthalla 
typhosa. Peculiarly enough, the strictly ‘marine’ species (Group A) did 
not grow when these aromatic amino acids were supplied as nitrogen sources. 
Compounds having more than one amino and/or amide group like aspara- 
gine, urea, arginine and cystine are utilized to a greater extent than straight 
chain monoamino acids like glycine and valine. Choline was utilized by 
all the cultures but better when citrate was present than when glucose was 
present. None of the bacteria however produced trimethylamine from 
choline. The ease with which a wide variety of amino acids and allied 


nitrogenous compounds are utilized by bacteria of marine origin is thus 
surprising. 


Bacterial denitrification occurring here must be distinguished from the 
chemical denitrification resulting from the interaction of a primary amino 
group with nitrous acid or nitrites in acid conditions. 


R NH, COOH + HNO, = N, + R (OH) COOH 


The former occurs in an alkaline medium and is brought about by the bacteria 
in the presence of suitable hydrogen donors. 


SUMMARY AND CONCLUSIONS 


The ability of some species of Pseudomonas from marine environments 
to use single amino acids and other nitrogenous compounds as sole source 
of nitrogen was studied. Arginine, choline, cystine and glutamic acid were 
available for all cultures. Tyrosine, phenylalanine and tryptophane were also 
utilized by a large number of cultures. Valine, glycine and histidine were 
poor sources of growth but asparagine and urea were better. Two groups 
of apparently identical cultures such as ‘A’ and ‘B’ (Ps. marinodenitri- 
ficans) and D and G were each shown to be different species by virtue of the 
differential utilization of amino acids. The strictly ‘marine’ species was 
more exacting in its requirements and utilized few if any single amino acids. 
For denitrification, citrate was better as hydrogen donor than was glucose. 
It is possible to differentiate two apparently similar cultures by the pattern 
of amino acid utilization. 
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INTRODUCTION 


IN text-books and standard literature the vegetative axes of Solanum nigrum 
and of other species of the Solanaceae, are described as normally sympodial, 
the successive internodes being developed from axillary buds; the terminal 
buds usually produce inflorescences or abortive branches. 


At the base of the plant, and in regions where no inflorescences are 
developed the branching may be monopodial (Hayward, 1951, pp. 551-52). 
A case of true dichotomy of the vegetative axes has also been reported by 
Caldwell (1930). ‘Willis (1951, p. 611) reproduced figures from Eichler 
to show that in Datura and Atropa the axis is made up of the base of the 
axillant leaf and the axillary shoot up to the point at which the next branches 
arise, that is, they are congenitally united. Rendle (1938, pp. 516-17) says 
that the leaf at any node belongs really to the node below ‘ but has become 
adnate to, or raised upon its axillary shoot as far as the next node’. In 
Solanum nigrum, he says, the position is further complicated ‘ owing to the 
union of the flower-shoot’ for some distance above the position of its 
bract with the axis of the next higher degree; the flower-shoot thus appearing 
to spring from the middle of the internode (extra-axillary) (Fig. 236 c, Rendle; 
see Fig. 1 5). 

With a view to examine, on anatomical evidence, the correctness or 
otherwise of the above statement the present short studies were undertaken. 


MATERIALS AND METHODS 


Solanum nigrum (= S. rubrum of Hooker) (Fig. 1a) grows wild as a 
weed, and specimens for the studies were collected from the compounds 
of the University of Dacca and the F. H. M. Hall. Internodes with flower- 
shoots and nodes with leaves, branches and buds were studied in serial trans- 
verse sections, stained and made permanent in the usual way. . 
Bl 
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OBSERVATIONS 


Figure 2 shows the structure of the internode (Fig. 1 a) just below the 
divergence of the inflorescence axis. The axial cylinder (stele) consists of 
11 bundles of which numbers 1, 3, 6 and 10 are bigger in size than the rest. 
The axis does not show any indication of its complex nature. 


Figure 3 shows a slight protuberance of the axis on one side against 
bundles 7, 8 and 9 which have moved out of the axial ring towards this pro- 
tuberance which ultimately develops into the inflorescence axis. Figure 4 
shows movement of these three bundles to the base of the inflorescence axis. 


In the meantime bundles 6 and 10 divide and give rise to branches (6 a, 
6 b, 6c, 10 b and 10 a) which move near to one another, close the gap caused 
by the departure of 7, 8 and 9 and restore the original number of eleven 
bundles forming the vascular ring of the axis (Fig. 5). This happens in 
the same internode just above the departure of the inflorescence axis. 
Anatomical evidence, therefore, shows that the inflorescence axis is a local 
protuberance of the internode bearing it. 


At the nodal region a leaf, a branch and an undeveloped bud are present 
(Fig. 1 a). Their origin and vascular supply are noted below:— 


Figures 6, 7 and 8 show that bundle 11 forms the median, and bundle 
10 and a branch of bundle | form the two laterals of the three-bundled leaf- 
trace. Almost simultaneously another protuberance is noticed just opposite 
to bundle 2 (Figs. 6-7), and later a branch from bundle 1 also enters its base. 
This develops into the main branch Br. (Fig. 1 a) which is extra-axillary 
in position. 

Figure 8 shows an additional protuberance which later develops into 
the undeveloped bud at the node. Its position is between the divergences 
of the leaf and the main branch. Figures 9 and 10 show origin and deve- 
lopment of this bud and its vascular supply from the axial ring. It receives 
branches from bundles 3 and 1 as its trace. 


Figure 11 is a transverse section of the base of the next upper internode. 
There are eleven bundles and their origin and connnections with the bundles 
of the lower internode are indicated by retaining the original numbers in 
Fig. 2. The internode is perfectly circular in outline and there is no indica- 
tion in this internode also that the axis is made up of the base of the axillant 
leaf, stem of axillary bud and the inflorescence axis (cf. Fig. 1 b from Rendle). 


Figures 12 and 13 show that a protuberance is formed in the axis (second 
internode) opposite to bundles 3 a and 3 b which leave the ring of vascular 
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nt Fics. 1-5. Fig. 1a. Solanum nigrum. A part of the plant showing leaf, branch, undeve- 
e). loped bud and the inflorescence axis, x3. Fig. 1 b. Figure showing the nature of axis in S. nigrum 

(Rendle). Fig. 2. T.s. of the Ist internode (Fig. 1 5) just below the point of divergence of the 
nd inflorescence axis, x14. Figs. 3-4. T.s. of the same at the point of divergence of the inflorescence 
lar axis, x14. Fig. 5. T.s. of the 
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Fics. 6-11. Figs. 6-10. T.s. of the Ist node (Fig. 1 5) showing the divergences of a leaf, 
a branch and a bud, x14. Fig. 11. T.s. of the 2nd internode (Fig. 1 5) just above the first nodal 
region, x14. 
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bundles and go to form the trace of the inflorescence axis which is deve- 
loped from this protuberance. 


Figures 14 and 15 show the origin and development of the leaf at the 
next node higher up the axis. Original bundle 5 now takes part in forming 
the median bundle of the three-bundled leaf trace, the two laterals coming 
as branches (6 a and 4 c) from 6 and 4, which flank the median, 5 (Fig. 1 5). 


Figures 16 and 17 show the origin of a branch at the node and its vas- 
cular supply from the axial ring of bundles. This branch derives all its 
trace bundles from bundle 6. 


These figures also show the origin of a small outgrowth against bundles 
6a and 6b. The protuberance develops into a bud and the bundles form 
its trace. 


Figure 18, which is a section just at the base of the third internode from 
the start, shows that after supplying the leaf, branch and the bud the remain- 
ing bundles of the axis, which are the branches of the original bundles 1, 
4 and 6, arrange themselves in the form of a ring and restore the original 
number of the axial bundles, i.e., eleven, by branching. 


DISCUSSION AND CONCLUSION* 


Solanum nigrum has been studied in serial transverse sections anato- 
mically through two successive internodes and nodes, and the origin of the 
inflorescence axis from the internode and that of the leaves, branches and 
buds at the nodes and their vascular supplies, have been examined. 


There is no indication to show that the internodal axis is made up of 
the base of the axillant leaf, stem of the axillary bud and the axis of the 
flower-shoot below the insertion of the latter (Figs, 2, 5, 11, 18). 


The stele of the internode consists of eleven bundles, arranged in the 
form of a ring (Fig. 2). The inflorescence axis arises in the form of an out- 
growth of the internode and three bundles (7, 8, 9. Figs. 3-4) from the 
stelar ring go to form its trace. The gap thus caused in the stele is closed 
by branches coming from the two bundles (6 and 10) flanking the same, 
and the original eleven bundles of the axial stele are restored immediately 
above the divergence of the flower-shoot. — 


At the node the /eaf is the first member to diverge. Three bundles 
depart from the axial ring: the median (11) is the original of the axial series, 
but the two laterals come from the branches of the two immediate proximals 


* Numerals 1-11 refer to vascular bundles of the axial (stelar) ring in all the figures. Cf. Fig. 2- 
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(10 end 1. Fig. 8). From the mode of origin and vascular supply the leaf 
cinnot be said to have originated at the node below, remained united with 
the axis (internode) and then diverged at the node above. 


The main branch (Br, or Br) is extra-axillary. It also originates from 
the node as a protuberance, being supplied by two bundles, original 2, and 
a branch from 1 (Figs. 6, 7 and 8). It cannot be regarded as the branch 
axillary to the leaf diverged from this node. Its position is almost opposite 
the leaf at the node. 


The bud which remains undeveloped, takes its origin from the region 
between the insertions of the leaf and the branch at the node. It gets its 
vascular supply from the branches of two of the original axial bundles, 
namely, 1 and 3. 


In the upper internode the inflorescence axis gets from the axial ring 
only two bundles instead of three of the lower internode. Through all the 
internodes and nodes studied serially the mother axis (MA) remains con- 
tinuous. 


The anatomical evidence presented here does not support the view of 
Eichler (as reported by Rendle and Willis) as to the true morphology of 
the axis of Solanum nigrum. The axis is monopodial and the leaf, branch, 
inflorescence axis and buds are true appendages of the main axis (MA in 
all the figures). A detailed developmental studies of this plant is in progress. 


SUMMARY 


Nodes and internodes of Solanum nigrum L. have been studied in serial 
transverse sections. The vascular cylinder of the internode consists of 
eleven bundles. The “ flower-shoot” develops as an outgrowth of the 
main axis and three axial bundles form its vascular trace. The original 
eleven bundles of the internode are restored immediately above the diver- 
gence of the flower-shoot (inflorescence). 


The origin and vascular supply of the leaf at the node show that it is 
a local appendage like all normal leaves. 


The primary branch is extra-axillary. It originates from the node as 
a protuberance, being supplied by 2 bundles. The vascular supply to the 
undeveloped bud is not exactly like that of a normal bud. 


From the nature of the anatomical evidence presented in this paper 
the axis is monopodial. The inflorescence axis, and the leaf, branch and 
bud at the node are true appendages of the main axis. 
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The author is indebted to Professor G. P. Manjumdar, F.A.Sc., F.N.L., 
under whose guidance the work has been carried out. 
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EMBRYOLOGICAL STUDIES IN XYRIS PAUCIFLORA 
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THE family Xyridacee belongs to the sub-order Enantioblaste of the 
Farinose in the Monocotyledons (Engler and Prantl, 1930). It comprises 
the two genera Abolboda and Xyris and has about two hundred species 
distributed mainly in the tropics and sub-tropics. The members of this 


family are mostly tufted marshy perennial herbs with linear leaves and terminal 
inflorescences. 


The embryological investigations in this family are very meagre. 
Schnarf (1931) has reviewed the only embryological work on Xyris indica 
by Weinzieher (1914) and has given the following brief account. The tapetal 
cells are binucleate and do not form tapetal periplasmodium. The division 
of the pollen mother cells are successive. The pollen grain is three-nucleate 
at the time of shedding. The ovules are bitegmic and crassinucellate. A 
single archesporial cell of hypodermal origin directly functions as the mega- 
spore mother cell. The development of the embryo sac corresponds to 
the normal type. The polar nuclei fuse together and the three antipodals 
degenerate early. The entry of the pollen tube is porogamous and more 
than one pollen tube may often be seen in the micropyle. The endosperm 
is nuclear. At the chalazal end a mass of cytoplasm containing more than 
twenty nuclei is built up. These nuclei are probably derived from the chala- 
zal daughter nucleus of the primary endosperm nucleus. The first division 
of the embryo is obliquely transverse. The next division is vertical in the 
terminal cell and diagonal in the basal cell. The later divisions are irregular. 
The embryo in the mature seed is undifferentiated. 


No further contributions have been made to our knowledge of this 
family. The present paper records the development of the gametophytes, 
endosperm and embryo in Xyris. pauciflora. 


The material for the present investigation was collected at Narasimha- 
rajapura, Mysore State, in a fallow paddy field and fixed in formalin-acetic- 
alcohol. Customary methods were followed during dehydration and embed- 
ding. Sections were cut a thickness of six to fourteen microns and stained 
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Fics. 1-21 
in Heidenhein’s iron-alum hematoxylin with erythrosin in clove oil as a 
counterstain. 
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MICROSPOROGENESIS AND THE MALE GAMETOPHYTE 


The wall of an young anther consists of four layers of cells; they are 
the epidermis, the endothecium, a middle layer and the tapetum (Fig. 1). 
The tapetal cells are of the glandular type and not all of them become bi- 
nucleate before their degeneration (Fig. 11). The presence of glandular bi- 
nucleate tapetal cells has also been reported in Xyris indica (Weinzieher, 
1914). The middle layer disorganizes early and the cells of the endothecium 
do not acquire the fibrous thickenings characteristic of the majority of angio- 
sperms (Figs. 11, 12). 


The sporogenous cells undergo further divisions to form the micro- 
spore mother cells which after meiotic divisions give rise to tetrads of micro- 
spores (Figs. 2 to 5). The divisions of the spore mother cells are successive 
and the microspores are arranged in an isobilateral manner (Fig. 5) as in 
Xyris indica. Further, all the four spores of a tetrad divide simultaneously 
and become two-celled (Figs. 6 to 8). The two-celled microspores then 
enlarge and the generative cell gr y moves into the tube cell (Fig. 9) 
where it begins to elongate. At the fime of shedding the pollen grains remain 
two-celled and are monocolpate with a thin intine and a comparatively thick 
almost smooth exine. The generative cell is elongated with its nucleus in 
prophase (Fig. 10). The mature pollen grain, therefore, differs from that 
of Xyris indica where it is reported to be three-nucleate at the time of shed- 
ding. 

OVARY AND OVULES 


The ovary is superior, tricarpellary, syncarpous and unilocular. A 
transverse section of a young ovary shows three hemispherical placente 
of parietal origin protruding into the locule (Fig. 13). A large number of 
ovular primordia develop as finger-shaped outgrowths from the placente 
(Fig. 14) and finally give rise to orthotropous, tenuinucellate and bitegmic 
ovules (Figs. 15 to 21) which remain erect at an acute angle on the placente 
in the unilocular ovary. Both the integuments of the ovule organize the 
micropyle. At the mature embryo sac stage of the ovule the integuments 
generally consist of two layers of cells (Fig. 21). 


MEGASPOROGENESIS AND THE FEMALE GAMETOPHYTE 


A hypodermal archesporial cell is differentiated even before the appear- 
ance of the integument initials (Fig. 22). It enlarges and directly functions 
as the megaspore mother cell (Fig. 23). The absence of parietal cells and 
the direct development of the archesporial cell into megaspore mother cell 
have also been noticed in Xyris indica (Weinzieher, 1914). 
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Fics. 22-33 


After the first nuclear division during meiosis the megaspore mother 
cell gives rise to the dyads (Figs. 23, 24). The upper dyad is small (Fig. 25) 
and it gradually degenerates forming a deeply stained cap over the large 
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functional lower dyad. The nucleus in the functional dyad divides; an 
ephemeral cell wall forms on the spindle of this nuclear division (Fig. 26) 
but it disappears very soon (Fig. 27). The two nuclei move apart to the 
opposite poles. This binucleate dyad after two successive free nuclear 
divisions gives rise to an eight-nucleate embryo sac of the Allium type 
(Figs. 28 to 33). This observation is very significant because the embryo 
sac development in Xyris indica conforms to the Polygonum type (Weinzieher, 
1914). Instances of such a variation in the mode of development of embryo 
sac in the different species of the same genus are not uncommon among the 
angiosperms. 


A fully organized embryo sac is generally broad at the middle and 
remains within the limits of the nucellar epidermis (Figs. 21, 34). The egg 
apparatus: consists of a large egg and two comparatively small and often 
hooked synergids (Fig. 33). The antipodals are not organized into cells 
and the nuclei show signs of degeneration even before the organization of 
the embryo sac (Fig. 31). The degenerated antipodal nuclei persist as 
deeply stained bodies at the chalazal end of the embryo sac (Figs. 34 to 36). 
The polar nuclei fuse together giving rise to the secondary nucleus which 
lies towards a side near the egg (Fig. 33). 


FERTILIZATION 


The pollen tube enters through the micropyle. It traverses between 
the cells of the nucellar epidermis and enters the embryo sac by destroying 
one of the synergids. Then it curves about the egg and bursts open liberating 
the two male nuclei. The other synergid degenerates later. The curving 
of the pollen tube about the egg in the embryo sac seems to be a general 
feature in the present species. One of the male nuclei fuses with the egg 
giving rise to the zygote and the other with the secondary nucleus resulting 
in the primary endosperm nucleus (Fig. 34). 

Weinzieher (1914) who investigated Xyris indica has reported the occa- 
sional presence of more than one pollen tube in the micropyle of an ovule. 


A careful examination of a large number of ovules in the fertilization stage 
has shown that no such condition exists in the present material. 


ENDOSPERM 


The primary endosperm nucleus divides earlier than the zygote and this 
nuclear division is not followed by a wall (Figs. 35 to 36). The two nuclei 
move apart and by further divisions give rise to a free nuclear endosperm 
as in Xyris indica (Fig. 37). As more nuclei are produced in the endosperm 
a dense mass of cytoplasm with a number of nuclei accumulates at the 
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chalazal end (Fig. 38). A similar feature has been observed in Xyris indica 
by Weinzieher (1914). He regards that the nuclei present in the dense cyto- 
plasm represent all those derived from the divisions of the chalazal daughter 
nucleus of the primary endosperm nucleus. A careful examination of the 
early stages in the development of the endosperm has definitely confirmed 
that a similar condition does not exist in the present case; but the nuclei 
are just a few of those derived from the divisions of the chalazal daughter 
nucleus of the primary endosperm nucleus. 


The cell wall formation begins at the micropylar part of the endosperm 
at about the six-celled stage of the embryo and extends to the chalaza. 
As walls are being laid down the endosperm nuclei divide (Fig. 38). At 
the end of wall formation the endosperm becomes differentiated into three 
regions (Fig. 39). The micropylar part consists of uninucleate cells. The 
middle region is made up of binucleate cells and the chalazal portion comprises 
of only one multinucleate cell. In later stages the nuclear division in the 
micropylar uninucleate cells is followed by a wall (Fig. 40) while in the bi- 
nucleate cells and in the chalazal ccenocytic cell it is not (Fig. 40). This 
results in the formation of small uninucleate cells at the micropylar part and 
large ccenocytic cells in the rest of the endosperm (Figs. 40 to 42). 


As the endosperm develops the middle multinucleate cells enlarge 
centripetally and gradually occupy the cavity of the embryo sac (Figs. 40, 
42 to 43). No centripetal growth of the endosperm by cell division is 
noticed. Further it is observed that the nuclei in the ceenocytic cells generally 
fuse together often producing one or more large irregular nuclei (Figs. 42, 
43). While the endosperm cells enlarge and become ccenocytic their cyto- 
plasm becomes more vacuolate. By about this stage the reserve food material 
in the form of oil begins to accumulate in the cytoplasm as small darkly 
stained globules (Figs. 42 to 43) which coalesce later and become bigger 
in size. Ata slightly later stage starch grains start appearing in the vacuoles 
of cytoplasm. At a very late stage of the development of the endosperm 
all the vacuoles of the cells become tightly packed with starch grains while the 
cytoplasm includes large quantities of oil. This accumulation of large quanti- 
ties of reserve food both in the form of oil and starch masks the irregular 
large polyploid nuclei from view in the stained preparations and therefore 
prevents a detailed examination of their fate in later stages (Figs. 44, 45). 


The uninucleate micropylar cells of the endosperm gradually get crushed 
as the embryo develops. 

During the development of endosperm the nucellar epidermis which 
encloses the embryo sac in early stages gets disorganized except a small part 
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at the micropylar region which persists as a very small cap over the embryo 
sac even in later stages (Fig. 42). 


The endosperm thus produced serves as a rich source of nutrition to 
the embryo. 


EMBRYO 


The fertilized egg divides transversely only after the formation of a 
considerable number of nuclei in the endosperm and gives rise to a two-celled 
proembryo (Figs. 46 to 48). The terminal cell ca then divides vertically 
producing two juxtaposed cells (Figs. 49 to 50) which later organize the qua- 
drants g. The basal cell cb next undergoes an oblique division resulting in 
two cells m and ci (Figs. 51, 52). The first tetrad is therefore of A, category 
in the system of the embryogenic cassification of Souéges. The same condi- 
tion has been recorded in Xyris indica, After the formation of the quadrants 
(Figs. 53, 54) the next division in these cells results in a group of eight cells 
which, however, do not show the usual type of organization of the ‘ octant ’ 
stage. The four cells which compose the q behave in an identical manner. 
In each is erected a wall that is tangential and curved outwardly to parallel 
the rounded external wall. These walls separate two cells in each quadrant 
cell (Fig. 55). The outer one of these divides transversely (Figs. 55, 56) 
while the inner undergoes longitudinal and later transverse divisions (Figs. 58 
to 65). Meanwhile, the cell m divides in such a way as to produce an inner 
cell and an outer cell (Figs. 55, 56). The inner cell further undergoes a 
transverse division resulting in two superposed cells (Figs. 60 to 62) which 
later divide vertically (Figs. 63 to 65). The embryo in the mature seed is 
undifferentiated with flaring edges and without a suspensor (Fig. 65). 


Weinzieher (1914) has recorded in Xyris indica regular divisions only 
in the early stages of the development of the embryo and according to him 
the later divisions are irregular. However, in the present species it has been 
noticed that the sequence of cell division is generally regular. 


SUMMARY 


An account of the development of the gametophytes, endosperm and 
embryo in Xyris pauciflora Willd., a member of the Xyridacez, is presented. 

The wall of the anther consists of four layers of cells, the epidermis, 
the endothecium, a middle layer and the tapetum. The tapetal cells are of 
the glandular type and most of them become binucleate. The endothecium 
does not acquire fibrous thickenings. The division of the microspore mother 
cells is of the successive type. The microspores are arranged in an iso- 


bilateral manner. The mature pollen grain is monocolpate and bicelled. 
B2 
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The ovary is superior tricarpellary and unilocular. A large number of 
ovules are borne on the parietal placente. They are orthotropous, tenui- 
nucellate and bitegmic. 


A hypodermal archesporial cell directly functions as the megaspore 
mother cell. The development of the embryo sac corresponds to the Allium 


type. 

The entry of the pollen tube is porogamous. The pollen tube curves 
about the egg and liberates the two male nuclei. Double fertilization has 
been observed. 

The endosperm is of the nuclear type. The cell wall formation com- 
mences at the micropylar part and extends towards the chalaza. In later 
stages the micropylar part of the endosperm consists of small uninucleate 
cells. The middle part is made up of large ccenocytic cells and the chalazal 
portion comprises of only one multinucleate cell. The nuclei in the cceno- 
cytic cells generally fuse together giving rise to one or more large irregular 
nuclei. Reserve food material in the form of oil and starch accumulates 
in the coenocytic cells. The micropylar uninucleate cells of the endosperm 
get crushed as the embryo develops. 

The first division of the zygote is transverse. The first tetrad is of the 
A, category. The embryo at the time of seed dispersal is undifferentiated 


without a suspensor. 
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EXPLANATION OF FIGURES 


Fics. 1-21. Xyris pauciflora. Fig. 1. A portion of the section of an anther showing the 
wall layers and sporogenous tissue, x647. Fig. 2. A microspore mother cell in early prophase, 
x 970. Fig. 3. A microspore mother cell in anaphase, x970. Fig. 4. Shows the dyads, x970. 
Fig. 5. A microspore tetrad,x970. Figs. 6-8. Show different stages of division of microspores 
in the tetrad, x970. Fig. 9. A young two-celled polien grain, x970. Fig. 10. A mature pollen 
grain at the time of shedding,x970. Fig. 11. A portion of T.S. of an anther showing a few 
binucleate tapetal cells; note the degenerating middle layer, x647. Fig. 12. A portion of T.S. 
of a mature anther showing the absence of endothecial thickenings, x 647. Fig. 13. T.S. of a 
young ovary showing dome-like piacenta, x 187. Fig. 14. T.S. of an older ovary showing ovular 
primordia, x 133. Figs. 15-20. L.S. of ovules showing different stages of development, x 323. 
Fig. 21. L.S. of ovule with the matnre embryo-sac, x 194. 
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Fics. 22-33. Xyris pauciflora. Fig. 22. L.S. of an ovular primordium showing the arche- 
sporial cell, x679. Fig. 23. L.S. of nucellus with the megaspore mother cell. Fig. 24. L.S. 
nucellus showing the first division of megaspore mother cell. Fig. 25. Shows the dyads. 
Fig. 26. L.S. of nucellus showing the first division of the nucleus in the lower dyad; note the 
emphemeral cell wall. Fig. 27. Shows a young two-nucleate embryo sac. Fig. 28. Nuclear 
division in the two-nucleate embryo sac. Fig. 29. A four-nucleate embryo sac; Fig. 30. Nu- 
clear division in the four-nucleate embryo sac. Fig. 31. An eight-nucleate embryo sac: note 
the early degeneration of the antipodal nuclei. Fig. 32. Shows the organization of the embryo- 
sac. Fig. 33. A mature embryo sac (Figs. 23-33, x 970). 


Fics. 34-45. Xyris pauciflora. Fig. 34. A stage in double fertilization,x454. Fig. 35. 
First division of the primary endosperm nucleus, x454. Fig. 36. Two-nucleate endosperm, 
x 454. Fig. 37. 16-nucleate endosperm, Fig. 38. Nuclear divisions in the endo- 
sperm; note the cell wall formation and the chalazal accumulation of nuclei, x 323. Fig. 39. Endo- 
sperm at the end of wall formation,x323. Fig. 40. Endosperm showing uninucleate and 
ceenocytic cells, x 323. Fig. 41. A section of an endosperm cell showing nuclear divisions, x 647. 
Fig. 42. Shows a slightly later stage of endosperm; note the nuclear fusion, the accumulation 
of reserve food in the ccenocytic cells and the persistent nucellar cap,x323. Fig. 43. T.S. of 
endosperm at a stage almost similar to tiiat in Fig. 42,x323. Fig. 44.. A portion of endosperm 
of the seed shown in Fig. 45, x 454. Fig. 45. L.S. of a seed at the time of dispersal, x i60. (End., 
endosperm; Emmb., embryo). 


Fics. 46-65. Xyris paucifiora. Show the different stages in the development of the embryo 
(Figs. 46-64, x970; Fig. 65, x 679) (ca, terminal cell; cb, basal cell; g, quadrant derived from ca; 
m and ci, daughter cells of cb). ; 
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ADDITIONS TO THE FUNGI OF MADRAS—XVIII 


By T. S. RAMAKRISHNAN, F.A.Sc. AND N. V. SUNDARAM 
Received Juiy 12, 1955 


Phakopsora grewie (Pat. and Har.) Cummins 
Cummins, G. B., Bull. Torrey Bot. Club., 1945, 72, 206. 


On living leaves of Grewia aspera Roxb. (Tiliacez), Walayar (Malabar), 
15-1-1955, T. S. Ramakrishnan. 


Uredia minute, hypophyllous, erumpent, bounded by marginal incurved 
paraphyses, occurring in groups; urediospores light brown, subglobose, 
oblong or elliptic, germpores indistinct, 22 x 19 » (16-31 x 16-22), verrucose ; 
paraphyses mostly marginal, incurved, swollen towards the upper half, 
thickened very much on the outer side; telia mixed with the uredia, scattered 
or in groups, blackish, subepidermal, later erumpent; teliospores in several 
irregular layers, chestnut brown or reddish brown, one-celled, smooth, apex 
thickened or not, sometimes obtuse, 24x11 (16-28 x 9-12). 


Cummins has described Phakopsora grewia (revising Uredo grewia 
Pat. and Har.) on Grewia sp. from Senegal. The rust under study closely 
resembles this rust though the teliospores exhibit slightly higher measure- 
ments. It has not been recorded from India. 


Phakopsora zizyphi-vulgaris (P. Henn.) Diet 
Syn. Uredo zizyphi-vulgaris P. Henn. 
Dietel, Von P., Ann. Myc., 1910, 8, 469. 
Uredia hypophyllous, scattered, reddish brown, subepidermal, erumpent, 
paraphysate, paraphyses invariably marginal incurved, thickened, more on 
the outer side, 24-50x6-12; urediospores borne on long stalks, obovate 


or elliptic, narrowed towards the base, 25x 16 (19-31 x 12-19), echinulate 
above, the lower one-third smooth, germpores 2-3, cinnamon brown. 


On living leaves of Zizyphus trinervia Roxb. (Rhamnacee), Kallar 
(Coimbatore), 10-1-1955, T. S. Ramakrishnan and N. V. Sundaram. 


The uredia alone were present. Three rusts have been recorded on 
this host genus. Comparison with the uredia of Crossopsora zizyphi (Syd. 
and Butl.) Syd. and Catenulopsora zizyphi Ramak. and. Sub. revealed that 
this rust is different. But it exhibited resemblance to Phakopsora zizyphi- 
vulgaris. This is a new host for the rust. 
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Macrophoma berhaavie sp. nov. 


Leafspots not evident; pycnidia mostly epiphyllous, isolated but occur- 
ring in groups, black, intra-epidermal, ostiolate, 50-93 x 62-1004; pycnidio- 
spores unicellular, subglobose elliptical or oblong, hyaline, 12x7p (9-19 
x 6-9), with mucilaginous sheath. 


Macule foliorum haud evidentes; pycniaia ud plurimum epiphylla 
isolata sed aggregata, nigra, intraepidermalia, ostiolata, 50-93 x 62-100 p; 
pycnospore, unicellulares, subglobose, elliptice vel oblonge, hyaline, 
12x7p (9-19x6-9), vagina mucosa. 


On living leaves of Berhaavia diffusa L. (Nyctaginex), Kallar 
(Coimbatore), 10-1-1955, T. S. Ramakrishnan and N. V. Sundaram. 


The incidence of infection is visible as pin-head-like minute black dots 
invariably confined to the upper surface of the leaves. These are often 
formed close to one another to form groups. Definite lesions are not evident. 
As a matter of fact there is no discolouration even of the tissues. The 
pycnidia are confined to the epidermal cells. 


Macrophoma glycosmidis sp. nov. 


Spots amphigenous, circular, 2-4 mm. in diameter, upper surface greyish 
white in the centre with dark brown raised margin, lower surface light brown 
in the centre with dark raised margin; pycnidia epiphyllous in the middle 
of the spot appearing as black dots, subepidermal, ostiolate, 78-124 x 78-132 »; 
pycnidiospores hyaline, oblong, one-celled, exhibiting wide variation in 
size, 12x7p (9-19 x 6-9). 


Macule amphigene, circulares, 2-4 mm. diameter in superiore pagina 
griseo-albe in medio, circumdate margine fusco brunneo, in inferiore vero 
pallide brunnee in medio, circumdate margine fusco paululum elevato; 
pycnidia epiphylla in medio macularum apparentia ut puncta nigra, sub- 
epidermalia, ostiolata, 78-124x78-132; pycnospore hyaline, oblonge 
unicellulate, magnitudinis valde variabilis, 12 x 7 « (9-19 x 6-9). 


On living leaves of Glycosmis cochinchinensis Pierre (Rutacee), Kallar 
(Coimbatore), 10-1-1955, T. S. Ramakrishnan and N. V. Sundaram. 


The spots are quite prominent and exhibit differences in colour between 
the upper and the lower surfaces. Phyllosticta glycosmidis Syd. and Butl. 
has been recorded on this host. But the fungus under study has much 
bigger spores and has to be included under Macrophoma. 
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Macrophoma gordonia sp. nov. 


Leafspot non-existent, pycnidia epiphyllous, scattered or in groups, 
subepidermal, ostiolate, black at the tip; pycnidiospores oblong, hyaline, 


sometimes upper half broader than the lower, rounded at the ends, 197-5 
(16-25 x 6-9), one-celled. 


Foliorum macule nulla; pycnidia epiphylla, dispersa vel aggregata, 
subepidermalia, ostiolata, nigra ad apicem; pycnospore oblong, hyaline, 
non-numquam superiore parte quam inferiore latiore, rotundate ad apices, 
19x7-5p (16-25 x 6-9), unicellulate. 


On living leaves of Gordonia obtusa Wall. (Ternstreemiacez), Coonoor 
(Nilgiris), 16-3-1955, T. S. Ramakrishnan. 


The pycnidia appear as raised hemispherical projections on the upper 
surface of the leaves. _The centre of the projection is black and denotes the 
location of the ostiole. No leaf spot is evident. The pycnidia are isolated 
though several of them may be seen near one another forming distinct groups. 


Macrophoma sapindi sp. nov. 


Spots amphigenous, greyish brown surrounded by a deeper coloured 
ring, more or less circular, 24mm. in diameter; pycnidia amphigenous, 
in an irregular ring, black, subepidermal, ostiolate, 93-152 x 114-160,; 
pycnidiospores numerous, hyaline, one-celled, oblong to elliptical, 16x10, 
(12-20 x 9-12). 


Macule amphigenz, griseole brunnez, circumdate annulo coloris fuscio- 
ris, plus minus circulares, 2-4 mm. diameter ; pycnidia amphigena in annulum 
irregularem disposita, nigra, subepidermalia, ostiolata, 93-152 x 114-160 
pycnospore plures, hyaline, unicellulate, oblonge vel elliptice, 16x 10y 
(12-20 x 9-12). 


On living leaves of Sapindus emarginatus Vahl. (Sapindacez), Kallar 
(Coimbatore), 16-2-1955, N. V. Sundaram. 


The spots are prominent but sometimes the pycnidia develop on the 
leaves even outside the spots. The pycnidia are conspicuous. The peridium 
consists of three or more layers of dark brown pseudo-parenchymatous cells. 


Phyllosticta hedere Sacc. and Roume. 
Saccardo, P. A., Syil. Fung., 1884, 3, 20. 


On living leaves of Hedera helix L. (Araliacez), Ootacamund, 18-6-1954, 
T. S. Ramakrishnan. 
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Leaf spot amphigenous, large, circular, zonate, upper surface with a 
greyish centre surrounded by dark brown margin, lower surface greenish 
brown; pycnidia epiphyllous, arranged in concentric zones. The spots 
are conspicuous on account of their size and colour. 


Cercospora effusa (Berk. and Curtis) Ellis 
Ellis, J. B., J. Mycol., 1885, 1, 53. 


Chupp, C., Monogr. of the Fungus Genus Cercospora, Ithaca, 
1954, 356-57. 


On living leaves of Lobelia excelsa Lesch. (Campanulaceez), Coonoor 
and Ootacamund, 15-5-1955, N. V. Sundaram. 


Leaf spot amphigenous, distinct or not, more often angular, with a red- 
dish tinge, spores produced on the lower surface in effuse layers, which are 
light coloured; conidiophores in clusters emerging through stomata, stromata 
not prominent, length of conidia and conidiophores much affected by the 
humidity of the weather, conidiophores sometimes branched and bending 
over, conidia sub-hyaline. 


The sporiferous regions on the lower surface have a light ferruginous 
woolly appearance. 


Cercospora insulana Sacc. 


Saccardo, P. A., Nuov. Giorn. Bot. Ital., 1915, n.s. 22, 74. 
Chupp, C., Monogr. of the Fungus Genus Cercospora, Ithaca, 1954. 


Spots on stem, leaves and flower-bearing stalks, amphigenous, more 
prominent on the upper surface of the leaves, elliptic or circular, brownish 
white with olive-grey centre and bordered by a purplish zone, the affected 
portions thinner and giving way early; internal hyphe hyaline to light smoky 
brown; fruiting mostly confined to the upper surface, conidiophore clusters 
dark olive brown, stromata dark, conidiophores straight or sometimes 
flexuous, 2-3 septate, light brown but paler towards the apex; conidia 
hyaline, straight or slightly curved, acicular sometimes obclavate, with many 
indistinct septa. 


On living leaves, stem and flowering shoots of Statice sp. (Composite), 
Ootacamund and Coonoor, 15-6-1954, T. S. Ramakrishnan. 


This disease is common on the Nilgiris where this plant is grown as an 
ornamental plant. The infection increases on the receipt of rains in May. 
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Highest infection occurs in June-July when many of the leaves turn brown 
and wither. 


Titeospora pterolobii sp. nov. 


Spots circular, amphigenous, depressed, upper surface grey surrounded 
by a dark brown raised marginal ring, lower surface with brown centre and 
dark brown raised margin, 0-5-1 mm. in diameter; stromata sclerotioid, 
amphigenous, subepidermal, globose, dark brown, 45-61 in diameter; 
conidiophores in dense culsters, hyaline to subhyaline, flexuous, septate, 
septa few, 16-22x3-6; conidia hyaline, spindle-shaped, with 0-2 septa, 
19x3p (12-25 x2-4-5). 


Macule circulares, amphigene, depresse, in superiore pagina grisee 
circumdate annulo marginali elevato fuisce brunneo, in inferiore vero brun- 
nee in medio, marginibus elevatis fusce brunneis, 0-5-1 mm. diameter; 
stromata sclerotioidea, amphigena, subepidermalia, globosa, fusce brunnea, 
45-61 » diameter; conidiophori dense aggregati, hyalini vel subhyalini, 
flexuosi, septati, septis paucis, 16-22x3-6; conidia hyalina, fusiformia, 
septis 0-2 ornata, 193m (12-25x2-4:5). 


On living leaflets of Pterolobium indicum A. Rich. (Cesalpiniacee), 
Kallar (Coimbatore), 16-3-1955, T. S. Ramakrishnan. 


The fructifications appear as whitish dots on both sides of the spots. 
The black rounded sclerotioid stromata are quite characteristic. The conidio- 
phores when formed appear as a compact cluster breaking through the epi- 
dermis. 

We wish to express our grateful thanks to Rev. Dr. H. Santapau for 
the Latin translations. 


EXPLANATION OF TEXT-FIGURES 


Text-Fics. 1-7. Phakopsora grewi@. Fig. 1. Section through an uredium. Fig. 2. Ure- 
diospores. Fig. 3. Teliospores. Fig. 4. Section through a telium. Figs. 5-6. Cercospora 
insulana. Fig. 5. Conidia. Fig. 6. Section showing a cluster of conidiophores. Fig. 7. Phakop- 
sora zigyphi-vulgaris; section through an uredium. 


Text-Fics. 8-12. Fig. 8. Macrophoma sapindi : diagrammatic sketch of leaf-spot and sec- 
tion of a pycnidium. Fig. 9. M.berhaavie; section of pycnidium. Fig. 10. Titeospora 
pterolobii; section through a fructification. Fig. 11. M.gordonie; section of a pycnidium ; 
Fig. 12. M. glycosmidis; section of a young pycnidium. 


THE COMPLETE FOLIAGE LEAF 
By GiIRIJA PRASANNA MaAsumpar, F.A.Sc. 
(With 8 Text-Figures) 
Received July 20, 1955 


GENERALLY speaking the foliage leaf is described in text-books by the shape, 
outline and other features of its lamina, such as, simple leaf, compound 
leaf, palmate and pinnate leaf and so on. But all these descriptive terms 


do not connote the idea of a complete leaf as understood by specialists in 
plant morphology. 


A foliage leaf is an appendage of the axis on which it is borne. It is 
organically united with the stem by a base, its blade or lamina must be 
adjusted to sunlight and wind for which a flexible stalk or petiole is necessary. 
The leaf must also afford protection to its close associate, the axillary bud, in 
its early stages of development and rest. This it normally does by the deve- 
lopment of a pair of stipules at its base. And yet the American and the 


European Schools of plant morphologists differ in their idea and description 
of a complete leaf. 


The American School beginning with Asa Gray (1879) down to the 
modern text-book writers maintain that a typical leaf consists of three parts, 
namely, the /amina, the petiole and a pair of stipules or appendages at the 
base of the petiole (Eyster, 1932; Swingle, 1934; Sinnott, 1935; Hill and 
Popp, 1936; Lawrence, 1951, to name only a few). According to this 
School, therefore, a complete leaf is without a base. 


The European School (Continental and British) on the other hand, hold 
that a complete leaf is made up of the /amina, the petiole and the leaf-base, 
the stipules when present are outgrowths of the latter (Bower, 1884; Green, 
1897; Vines, 1910; Strasburger, 1930; Lawson and Sahni, 1949; Willis, 
1951, and others). Eichler says that “stipules arise without exception as 
a product of the leaf-base of the primordial leaf ” (Sinnott and Bailey, 1914). 
Goebel (1905) writes ‘“‘ As stipules, however, we can only designate append- 
ages of the leaf-base.” McLean and Ivimey-Cook (1951) also categorically 
state that “‘ the name (stipules) should be limited to paired lateral outgrowths 
of the leaf-base’’. 


There thus exists a fundamental difference between the two schools 
with regard to the conception of the constituent parts of a complete leaf: 
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in one case the leaf-base is replaced by a pair of stipules, whereas in the other 
_ ease the stipules are replaced by the leaf-base, the former if present are being 
held as outgrowths, and therefore, a part of the latter. Even the European 
botanists are not very sure, so it seems, about the nature and extent of the 
leaf-base as they define the same as “ the region by means of which the leaf 
-is attached to the stem which bears it,” though the sheathing base and the 
pulvinus are held by them as examples of modified leaf-bases (Green, Vines, 
Goebel, Lawson and Sahni). The blade may be absent, so may be the petiole, 
but it is nowhere indicated in their writings that the base is wanting in a 
complete leaf (the hypopodium, Green, p. 54). 


I am not aware of any attempt being made to critically examine the 
above two views on the results of modern researches. This is my justifica- 
tion for this short paper. 


The question before us is to decide: (i) whether a complete leaf has 
a base of its own; if so what is the nature and extent of the leaf-base, and 
if the stipules are its outgrowths, and (ii) whether the stipules are appendages 
(of the leaf) at the base of the petiole, and as such, are parts of a complete 
leaf and the leaf-base is non-existent. I propose to deal with the questions 
separately. 

Developmental studies show that whenever a leaf primordium (pri- 
mordialblatt of Eichler) on its subsequent behaviour can be distinguished 
into an upper (oberblatt) and a lower region (unterblatt) the upper develops 
into the blade and the lower into the base of the leaf. The petiole, if it deve- 
lops, is added later by its intercalation between the blade and the base 
(Strasburger, 1930). According to Sinnott and Bailey (1915) the petiole 
is the last part to appear in ontogeny, more recent in evolutionary ontogeny 
than the rest (p. 13). If that is so we have to concede that the primitive 
angiosperm foliage leaf consisted of a blade and a base, the petiole and the 
stipules came later as efficient adjuncts. 


THE BASE OF THE LEAF 


I now propose to discuss the issue of the presence or absence of a base 
in a complete leaf on the evidence provided by the morphogenetic studies 
at the vegetative shoot apex. Gregoire (1935) and his pupil, Louis (1935) 
showed that at the initiation of a leaf at the vegetative shoot apex a soubas- 
sement foliare is laid down first and later the free limb of the leaf is erected 
on it (Figs. 1-3). Foster (1935) translated these two terms as “ foliar 
buttress,” but I consider that “foliar foundation” is a better rendering of 
the same. As the foundation is an important integral part of a building 


The Complete Foliage Leaf 
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Fics. 1-8. All figures are diagrammatic. 


Fig. 1a, 6. L.S. and T.S. of the vegetative shoot apex of a dicotyledon. The apical 
meristem has just started laying down the foliar foundation of primoridum 3, and the shoot 
apex has become asymmetrical (exaggerated). Fig. 2a, b. L.S. and T.S. of the same through 
Ff of Lpr 3; the median trace bundle has just reached the base of Ff. Fig. 3a, b. L.S. and 
T.S. through the same showing erection of the free limb of Lpr 3 on Ff with the median and two 
laterals as its trace. Ff has extended tangentially around the apex. Fig. 4. Ff of a sheathing 
base (axial component) with many laterals. Fig. 5a, b. L.S. and T.S. of nodal region at the 
base of the petiole. Fig. 5a. Laterals branch to give rise to the stipule and stipular trace while 
moving towards the median at the base of the petiole. Fig. 55. Trilacunar node and three 
bundled leaf trace (5 a—after Mitra). Fig. 6. Sheathing base—free and as axial component, 
split open and spread; the two are shown separated from each other by a transverse line; laterals 
branch on their way to the median;—origin of ocrea in Polygonum orientale (after Mitra)- 
Fig. 7. Sheathing base and ligule of Rice leaf split and spread open ; origin of ligule and its nature 
(after Saha). Fig. 8. Behaviour of the laterals in a sheathing base without stipules. Absence 
of branching of the laterals is correlated with absence of stipules. 


Legend.—T, tunica; Ci, central initial zone; Fm, flank meristem; Rm, rib meristem; 
Ff, foliar foundation ; Lpr, 1, 2, 3-leaf primordia ; P, petiole ; St.,stipule; M, L,, L,, etc., median 
and laterals of the leaf trace; Sttr, stipule trace; Li, ligule; S/b, (/:)—free sheathing leaf-base ; 
Sib (ac), sheathing base as axial component; Oc, ocrea. 


which is erected on it, so I hold that the foliar foundation is an integral part 
of the leaf, and its real base. This foliar foundation may be wholly included 
in the axis when we should call it axial component, or a part of it may deve- 


lop free from the axis when we call this portion sheathing leaf-base (see below). 
Sharman (1942), Majumdar (1949), and Mitra and Majumdar (1952) have 
shown that this foliar foundation is really the base of the leaf which singly 
or with bases of other leaves form the mantle of the axis (cf. the Mantle-core 
theory of Hofmeister, 1851; Saunders, 1922; Mitra and Majumdar, 1952). 


When the foliar foundation of a leaf is laid down at the shoot apex it 
occupies only a small sector of the apical dome with only the median bundle 
as its trace (Fig. 2). This portion of the foliar foundation becomes con- 
tinuous with the petiolar and the midrib region of the adult leaf. The foliar 
foundation then gradually extends tangentially along the two sides of the 
shoot apex when more bundles, the laterals of the leaf trace, enter its two 
extending wings (Figs. 3b, 4). Ultimately the wings may meet on the 
opposite side of the apex and fuse or overlap to give rise to the sheathing 
base. In this case a part of it becomes always free, as in Polygonum, Centella, 
etc. The number of laterals in each wing varies with its extent around the 
free apex. 


Whether the foliar foundation will develop into a free base or not is 
determined by the behaviour of the laterals during their courses through it 
towards the base of the petiole. The laterals after their departure from the 
axial cylinder run parallel for a short or a long distance through the axia) 
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component and then gradually shift towards the median which, however, 
follows an undeviated course from the base to the extreme tip of the leaf. 
The laterals and the median come together and unite at the base of the petiole 
either to form a closed ring or an open arc (open on the ventral surface), 
or divide to form a ring of vascular bundles, particularly when the petiole 
is cylindrical. In the petiole they do not normally branch, nor separate 
from one another (cf. Sinnott and Bailey, 1915). During their oblique 
or horizontal course through the foliar foundation the laterals may or may 
not branch. If they branch they give rise to the stipules (see under Stipules). 


If the laterals finish their course, both parallel and oblique or horizontal, 
within the axial component, as in China Rose, Calotropis, Jasminum, etc., 
no free base is formed and the petiole appears to sit directly on the axis. 
If, however, they run paralle! beyond the axial component before they bend 
to meet the median at the base of the petiole a free base is formed as in 
Centella, Polygonum, Heracleum, etc. (Figs. 6, 8). For detailed informa- 


tion on the subject the reader is referred to the papers of Mitra and Mitra 
and Majumdar. 


A foliage leaf, complete or otherwise, has therefore a base, whether 
it is manifested or not. It will be incorrect to say that a leaf has no leaf- 
base, or if it is present it is the region of its attachment to the axis which 
bears it, as if the leaf is an extraneous organ or a fixture. 


The sheathing base and the pulvinus have however been described 
by these authors as modified leaf-bases. We have seen above that the 
sheathing base is only a part of the leaf-base the other part is included in 
the axis as its axial component. The pulvinus however, is the petiole of 
the leaf in which it occurs. One of my pupils in a paper on the leaves of 
Dolichos lablab, has shown its petiolar nature on anatomical evidence (in 
the press). 

THE STIPULES (FIG. 5a, 5) 


Are the stipules outgrowths of the leaf-base or free appendages at the 
base of the petiole? This time the answer was provided by Colomb (1897). 
He showed on the results of extensive studies of this organ that its vascular 
supplies come from the laterals of the trace of the leaf to which it belongs. 
Sinnott and Bailey (1914) put Colomb’s statement to an elaborate and severe 
test and found it strictly correct. Dormer (1944) provided additional cor- 
roborative evidence from a study of the vascular supply to the single-stipuled 
leaves of Lotononis corymbosa and Azara microphylla, both with three-bundle 
trace. Sharma (1955) has produced further evidence from Muntingia Cala- 
bura, leaves of which have single stipule each. 
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Mitra in the dicotyledons (1945, 1948; 1949 a, 1949 b, 1950 a, b, c) and 
Saha (1952) in Rice plant have shown that in all the different types of stipules 
and ligule studied by them the above findings of Colomb, Sinnott and Bailey 
and others hold rigidly good. Mitra has shown further that the laterals 


send out branches to form the stipules and their traces either at the top of 
the axial component or of the free sheathing base (ocrea) on their way to 
meet the median at the base of the petiole. Want of a proper realization 
of the nature and extent of the leaf-base as made out in this short paper, 
made Parkin (1948) to describe the free lateral stipule as cauline, and Cross 
(1937) to describe them as originating from a /eaf-stem transition region in 
Morus alba. 


CONCLUSION 


We are now in a position to describe the parts of a complete leaf, which 
consists of :— 

(a) The lamina or the blade——This most important part of the leaf may 
be absent or modified when its principal function is taken over either by the 
petiole (phyllode), or by the stem (phylloclade, cladode), or to some extent 
by the leaf-base (bud scales of Horse Chestnut, Ash, Sycamore, etc., see 
Priestley and Scott, 1938; Goebel, 1905). 


(b) The petiole or the leaf-stalk.—This part of the leaf is absent in the 
sessile types and in leaves with sheathing bases of monocotyledons. Accord- 
ing to Sinnott and Bailey (1915) the petiole is the last part to appear in onto- 
geny, and more recent in evolutionary ontogeny than the rest. 


(c) The leaf-base-—Even when the other two parts are absent, either 
simultaneously or one at a time, the leaf-base as we have seen, is always 
present. A leaf without a base cannot therefore, be conceived. Strasburger 
(1930) categorically states that “the petiole is never inserted directly on the 
stem” (p. 104). In the majority of plants it is included in the axis as its 
outer covering (mantle) but in some cases it may partly grow as a free base 
(Figs. 6, 7, 8). 

(d) A pair of stipules—Though they are outgrowths of the leaf-base 
they are regarded as “ original accompaniment of the angiosperm leaf” 
(Parkin, p. 79, 1948). Both Lubbock (1899) and Sinnott and Bailey (1914. 
p. 451) came almost to the same conclusion when they stated respectively 
that stipules are integral part of the leaf, and integral portions of the leaf- 
base. 


Therefore, the complete leaf consists of four parts, namely, the blade, 
the petiole, the leaf-base and a pair of stipules. Lubbock came precisely 
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ABSTRACT 


Numerous quartz-filled faults occur in the metamorphites com- 
prising mica-schists, granulites, injection gneisses, migmatites, amphi- 
bolites and hornblende gneisses of Dharwar age in the Tilatanr area. 
The metamorphites have been folded into a pitching anticline with drag 
folds on its limbs due to strong folding movements and deformation 
during Dharwar period. Quartz-filled faults occur not only as individual 
ones but also as zones. Various structures have been noticed in the 
quartz of the quartz-filled faults, namely, box-works, honeycomb-texture, 
platy quartz, shear fractures, tension joints and joint drags. Faults are 
later than folds and hence they are incongruous with the folds. On 
tectonic analysis it has been found that there are two types of faults, 
namely, high angle shear thrusts (reverse faults) and normal faults. 
Normal faults are later than the shear thrusts and they represent the latest 
adjustment of rocks to deformation. Shear thrusts are parallel to the 
strike of the beds and the regional structure and they are reverse faults. 
Associated with the shear thrusts occur shear fractures, tension joints and 
joint drags. These minor structures associated with the shear thrusts have 
been analysed and their relation to the structural axes have been described 
on the lines of Sander, and others. 


INTRODUCTION 


In the metamorphites around the Jharia Coalfield, numerous quartz reefs 
of various width occur containing platy aggregates and box-work of quartz. 
They were generally considered to have been formed during the Pre-Gond- 
wana times, probably along the planes of the faults of post-Dharwar period. 
This opinion gained strength, due to the absence of such quartz reefs cutting 
the Gondwana rocks of the Jharia Coalfield and also due to the fact that 
the faults now found traversing the Gondwana rocks are not characterised 
by any such quartz reefs. Only a few irregular veins (or small reefs) of quartz 
occur at a few localities at the base of the Talchirs, silicifying the sediments 
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of the Talchir formations. These veins or reefs are however, entirely differ- 
ent in their structure than the others, the descriptions of which are given 
in this paper. 


Hitherto no detailed study of these quartz reefs has been made to 
throw light either on the nature of the forces that gave rise to the faults in 
the metamorphites and the probable age of these faults or on the structure 
and tectonic analysis of these quartz reefs. Fox (1930, Pp. 147-59) makes 
a casual reference to these quartz reefs in his Memoir on the Jharia Coalfield 
while referring to the metamorphics, and opines that quartz reefs are nume- 
rous and conspicuous and that they mark lines of crush and faulting. 
Further, while describing the faults in the metamorphics west of Bhojudih, 
he says (/oc. cit., pp. 150-51) that “* the fault plane is not a simple dislocation 
but marks a zone of shearing in which the displacement has been both down- 
ward and horizontal”. He has, however, not described any faults found 
in the metamorphics of the Katras area. The author had recently an 
opportunity of studying the Tilatanr area in detail when in charge of the 
geological survey camp of the Indian School of Mines and Applied Geology 
in November-December 1952. During this survey he came across more 
than a dozen of these quartz reefs containing platy aggregates and box-works 
of quartz. A preliminary account of the investigation of the quartz reefs 
was given in a paper contributed to the 42nd Session of the Indian Science 
Congress held at Baroda. The present account is based on the detailed 
study of these quartz reefs in the field and the examination of more than 100 
specimens and a few thin sections in the laboratory. 


OCCURRENCE AND STRUCTURE OF THE QUARTZ REEFS 


The quartz reefs containing platy aggregates and box-works of quartz 
cut the metamorphites, namely, mica schists and granulites, injection gneisses, 
migmatites, amphibolites and hornblende gneisses of Dharwar age in the 
Tilatanr area. The rocks are folded into a pitching anticline striking in an 
east-west direction with a westerly pitch. The main fault zone also runs 
in an east-west direction (West 20° N.-East 20°S.) for a distance of more 
than 4 miles and occupies the crest of the anticline. It is situated imme- 
diately north of the Tilatanr water tank. Nearly a dozen quartz-filled faults 
occur in this zone running en echelon. These faults are all strike faults. 
A few oblique quartz-filled faults have also been observed. The general 
trends of the quartz-filled faults and the fault zone have been shown in the 
sketch map of the area (Fig. 1). 


The width of individual quartz reefs generally varies from 1 to 4’, but in 
the main fault zone the total width of the quartz reefs is more than 30’ and 
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Text-Fic. 1. Geological sketch map showing the distribution of the thrust and normal 
faults in the Tilatanr Area, Tetulmari, Dhanbad. 
the quartz forms a prominent ridge on the top of the hillock on the flanks 


of which the country rocks are outcropping. This ridge can be seen as a 
prominent landmark from a long distance. 


#1 The mica schists and granulites occupy the core of the pitching anticline 
and. occasionally show several minor drag folds all pitching and striking 
parallel to the major fold. It is difficult to make a detailed study of these 
minor structures as the country rocks are much weathered. The folding 
of these metamorphites is due to the deformation that the rocks have under- 
gone during the Dharwar period. The faulting is not at all related to the 
folding movements and seems to be of much younger age, because the meta- 
morphites of this area and elsewhere show structural features which are not 
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related to faulting movements. Moreover, the quartz filled faults cut across . 


the pelitic schists and semi-pelitic granulites of Dharwar age and the mig- 
matites, injection gneiss and biotite gneiss, which have originated probably 
in late Dharwar times. 


In the main fault zone, the quartz reefs exhibit numerous peculiar 
features. Occasionally large cavities with their walls composed of rims of 
cryptocrystalline silica followed inwards by semi-transparent quartz crystals 
are present having their central part free or a large cavity which sometimes 
may be 4’ in diameter, is split up into irregular chambers with straight walls 
forming box-works by the silica veins. Sometimes:the box-works are com- 
pletely filled with beautiful radiating or honeycomb-textured quartz. Indi- 
vidual box-works separate easily along the walls giving rise to rhombohedral, 
trapezium-shaped, triangular or polygonal masses of quartz with smooth 
faces (Plate V, Figs. 2, 3 and 4). In such box-work masses the quartz is 
better crystallized along the centre than along the cell walls. Often, the quartz 
of the fault planes is brecciated and cemented by silica. The above features 
are also found in the quartz-filled fault planes. 


In and along the individual quartz-filled strike faults, also occur occa- 
sionally numerous thin plates of quartz, which, if slightly weathered, can 
be removed as sheets without any difficulty. These thin plates of quartz 
are separated from each other by a fracture plane, which are inclined to 
the strike of the fault zone or the individual fault planes. These fracture 
planes are shear fractures or shear joints. Further, the acute angle between 
the shear plane and the fault plane points in the direction of the forces of 
the shearing couple. During the study of these fractures in the field, it is 
always observed in all the faults and the fault zone of the area that the shear 
fractures terminate against the hanging and foot walls of the faults making 
acute angles with the direction of movements which are found to be West 
20° N.-East 20°S. These are the directions of forces of the shearing 
couple in this area. The angles between the shear fracture and the faults 
are not constant and it is found that the acute angles commonly vary from 
30 to 40°. The shear fractures seem to have been the first to originate which 
were later followed by the faulting movements. The main directions of 
jointing in relation to folding and strike faulting in the Tilatanr area are shown 
diagrammatically in Fig. 2. 

There is another set of joints in the quartz-filled strike faults, which 
occurs bisecting the obtuse angle made by the shear planes. These joints 
run north and south and are vertical. These are tension joints (Fig. 1). 
There is a single quartz-filled tension joint running north and south cutting 
the southern limb of the pitching anticline, 4 mile west of Tilatanr village. 


cay 
‘ 
ti 


A Tectonic Analysis of the Quartz Reefs in Tilatanr, Tetulmari 77 


Text-Fic. 2. (A) Diagrammatic representation of the pitching anticline showing shear 
joints (S, and S,), tension joint and the fault plane. (B) Structural axis 6 (W. 20° N.) and ¢ (N. 20° 
E) of the pitching fold. (C) Shear joints making an angle ranging from 30 to 40 to the direction 
of horizontal movement (W. 20° N.) (D) Structural axes a, b, and c of the pitching fold. (E) 


Structural axes a, b, and ¢ during wrench faulting. (F) Structural axes a, 6 and c during thrust 
faulting. 


Sometimes the thin plates of quartz are joined together giving rise to 
box-works. Both the box-works and platy quartz which are generally 
polished invariably show grooves and striations on their outer surfaces, 


which are thin and straight and exhibit beautiful geometrical patterns 
(Fig. 3). 


Three sets of striations are noticed on the polished surfaces. These stria- 
tions indicate the direction of movement during deformation and faulting. 
BS 
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Text-Fic. 3. Platy quartz showing three sets of striations. Scale 14 actual size. 


Often it has been observed that the platy quartz shows a local drag or warp- 
ing with or without any break, as if the movement on the two joints between 
the plates of quartz had been in parallel but opposite directions—as on the 
two sides of a fault. These are joint drags (Fig. 4) and (Plate V, Fig. 1) 
and are observed in some of the quartz-filled strike faults and in the main 
fault zone. 


STRUCTURAL FEATURES AND THEIR RELATION TO TECTONICS 


From the above descriptions it is clear that the important structural 
features of the area are: (i) Pitching anticline together with drag folds; 
(ii) faults and fault zone; (iii) shear fractures; (iv) tension joints; and 
(v) joint drags. It has been pointed out earlier, that the pitching anticline 
and its attendant drag folds are independent of the faulting movements and 
the development of the pitching fold is due to the deformation that the rocks 
have undergone during the Dharwarian metamorphism. The drag folds 
developed along the limbs of the major pitching fold show the same strike 
and pitch of the major fold. The pitch of the major fold is 60° towards 
west. The terminology that is used here to represent the structural axes of 
the fold is that proposed by Sander (1926, Pp. 323-406), namely, b is the 
fold axis, a is perpendicular to 6 in the movement plane and c is perpendi- 
cular to ab (Fig. 2D). The structural axes and its relation to faulting are 
discussed further while describing the shear fractures and tension joints. 


Faults and fault zone form the important structure of the area. There 
are two types of faults in this area, namely strike faults and oblique faults. 
Most of the individual faults including those of the main fault zone are strike 
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Text-Fic. 4. Diagrammatic representation of a joint-drag. 


faults. All the strike faults both in the main fault zone and elsewhere are 
vertical or steeply dipping towards north. Therefore, there is a tendency 
for the faults to occur in groups or zones within which the individual frac- 
tures not only possess many features in common, but also bear definite rela- 
tions to one another. In the main fault zone the separate faults are arranged 
en echelon. The fault zone trends almost parallel to the strike of the pitching 
fold and the regional strike of the metamorphites. It is an undisputed fact 
that the majority of the faults in the fault zone and the strike faults found 
outside the fault zone are the effect of a common cause which may be the 
horizontal movement along steeply dipping faults due to force couple or 
shear (Lahee, 1941, p. 203). The relative movement is indicated in Fig. 3 A, 
where the hanging wall seems to have moved up relative to the foot wall. 
The amount of horizontal and vertical displacements are difficult to decipher 
and in this area they are only matters of conjecture. Thus the strike faults 
in and outside the fault zone are high angle reverse faults and they repre- 
sent shear thrusts. The strike faults cut across the metamorphites already 
folded and they are quite independent of the fold. Hence the strike faults 
can be termed as subsequent shear thrusts (Billings, 1942, p. 173). 


The study of the thrust faults has shown that the displacement of beds 
is ‘ sinistral’ and the faulting has taken place in two stages. In the initial 
stage of deformation leading to faulting, the force has come in an east-west 
direction and the relief of pressure is in the north-south direction, at right 
angles to the first but in the same plane. Therefore, the maximum pressure 
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is horizontal, the intermediate principal pressure is vertical and the third 
principal direction which corresponds to a tension (smallest pressure) is 
. horizontal and at right angles to the pressure maxima and in the same plane. 
The plane of actual faulting strikes West 20° N.—East 20°S., making a 
small angle from the direction of the horizontal force. Only one plane of 
faulting has developed and it dips at a high angle towards north. The 
motion seems to have been in a horizontal direction. The dynamics of such 
a fracture and movement is similar to that of a wrench fault (E. M. Anderson, 
1915, p. 15). At a later stage due to the rotation of the maximum pressure 
of the east-west direction, the intermediate pressure will be north-south, 
perpendicular to the pressure maxima but in the same plane, and the direc- 
tion of minimum pressure will be vertical and perpendicular to the plane of 
the maximum and intermediate pressure. Due to this, the earlier planes 
of fauiting running in an east-west direction curve slightly towards north 
into an overlying thrust. The structural axes and their relation to wrench 
and thrust faulting is given in Fig. 2E and F. The combined movements 
of wrench and thrust faulting are evidenced by the nature of the trace of the 
thrust fault plane at the surface by the high angle dip of the fault plane, by 
their occasional brecciated character of quartz in the fault plane and by the 
striations due to movements on platy quartz in the thrust zone. It is diffi- 
cult to give a definite opinion as to which of the faulting movement of the 
two types, namely wrench and thrust, is earlier. Based on the dip of the 
fault surface it seems very probable that the wrench faulting is earlier than 
the thrust. The wrench faulting may have been the first to originate and 
may have divided the country into vertical blocks, in which the thrusts were 
developed independently. On reaching the margin of such a block a thrust 
plane may have deflected along it, increasing the movement of the wrench 
fault. 


The other types of faults namely oblique faults are also quartz-filled 
and run in a north-west to south-east direction. They are slightly later in 
age than the strike faults. The oblique fault adjacent to the Tilatanr village 
not only cuts across the strike (thrust) fault but has also thrown down the 
metamorphites of the western limb of the fold to such an extent that the 
rocks constituting the limb are no longer outcropping. These oblique faults 
are normal faults with a down-throw towards south-west. The throw of 
these faults is not uniform and it is difficult to estimate it. These faults are 
due to gravity and the quartz found occurring along the fault surfaces show 
similar box-works as are noticed in the quartz-filled strike faults. 


Next in importance to faults in this area is the occurrence of shear frac- 
tures and tension joints. These are additional planes of weakness in the 
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form of joints systems and they have also resulted from tectonic movements. 
Although fractures and joints may form along any bearing, there are certain 
preferred directions relative to the direction of movement which has taken 
place, that can be recognised as being optimum orientations. The shear 
fractures and tension joints have originated prior to the development of the 
wrench fault, during which the non-rotational forces acted from east and 
west. These fractures and joints are shown in Fig. 2 A in which three struc- 
tural axes a, b, c are also indicated; 5b is the direction in which movement 
took place, it is that of translation; a is normal to 5 in the movement plane 
and it is the direction about which rotation structures due to the movement 
would develop and in this area it is approximately vertical; c is normal to 
a and b and it is recognised in the fault zone by the strikes of tension joints. 
In Fig. 2 A, the tension joints and shear fractures are shown diagramma- 
tically and they are more or less restricted in their occurrence to the quartz- 
filled strike faults. One quartz-filled tension joint occurs 4 mile west of 
Tilatanr village cutting the southern limb of the pitching fold. The direc- 
tion of faulting movement is parallel to ab plane, but these tension joints 
and shear fractures show no direct connection with the folding movement; 
hence they are considered ‘incongruous’. The two sets of shear fractures 
are complementary to each other and more or less symmetrically arranged 
on either side of the direction of movement b. They commonly make an 
angle less than 45° (varying from 30 to 40°) with the b-axis. The relation- 
ship of these shear fractures to the rock deformation and the other structures 
is seen on a small-scale in the quartz-fiilled strike faults of the main fault 
zone running north of the water reservoir at Tilatanr (Fig. 2 C). 


The quartz reefs of the main fault zone occasionally show the shear 
fractures having a sigmoidally curved appearance, which at first sight is 
extremely deceptive (Fig. 5). This has been caused by ‘ forced deformation’. 
of an originally straight fracture which has been dragged over by 
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4% Text-Fic. 5. Sigmoidally curved shear fractures due to forced deformation of an originally 
straight shear fracture. 
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continued movement of rocks after it had been formed (G. Wilson, 1946, 
p. 279). In this case the shear fracture at the top and bottom approaches 
slaty cleavage in its orientation, the strain ellipsoid under such condition 
being exceedingly drawn out. As already referred to, the thin plates of 
quartz show on their outer polished surface three sets of thin and fine stria- 
tions making a geometrical pattern. Analysis of these striations also sup- 
ports the formation of curved shear fracture by forced deformation of rocks 
by drag and continued movement. 


Joint drags form local structural features as already indicated. The 
presence of the joint drags is a good evidence of shear or force couple during 
the formation of platy quartz. 


The last episode in the formation of quartz reefs is the silicification of 
the metamorphites along the fault and fault zone. In some of the silicified 
rocks evidence of silicification can be observed by the presence of greenish 
patches. In thin sections relics of greenish or brownish pleochroic biotite 
occur within the matrix of quartz. Quartz is bladed, or granular, or platy 
in outline. Granular epidote is commonly present. 


The structural features of the Tilatanr area thus show two distinct periods 
of deformation—one belonging to the Dharwar age during which the pelitic, 
semi-pelitic and associated metamorphites were folded into the pitching 
anticline with drag folds on its limbs. Shear thrusts, normal faults, shear 
fractures and tension joints belong to a later period of deformation, probably 
Cuddapah but not later than Gondwanas. Hence the later structures are 
incongruous with the former of Dharwar age. Among the faults it has been 
shown that normal faults are later than shear thrusts, and they represent the 
latest adjustment of rocks to deformation. In several orogenic belts a similar 
sequence has been established. In both the Rocky mountain and Appala- 
chian deformations the sequence in general was: (qa) initial folding; (6) high 
angle reverse faulting; (c) thrust faulting; (d) normal faulting (Nevin, 
1949, p. 100). Thus the Tilatanr area of the Dhanbad Division, within a 
compass of a few square miles exhibits structural features characteristic of 
orogenic belts or regional areas which have undergone repeated deformation. 
Further work in the metamorphic terrain around the rest of the Jharia Coal- 
field is likely to throw more light on the tectonics of the area. 


The following is a summary of the tectonic history outlined above :— 


1. Strong folding movement and deformation of the metamorphites 
during Dharwar period. 


ay 2 

4 

2 
5 
§ 

: 

3 

; 

3 
@ 


M. S. Sadashivaiah Proc. Ind. 


i 
i] 

Sci., B, Vol. XLII, Pl 
4 

FIG. 2 

3 FIG. 4 


A Tectonic Analysis of the Quartz Reefs in Tilatanr, Tetulmari 83 


2. Shearing movements giving rise to shear fractures, tension joints, 
joint-drags, and wrench faults. Continued shearing movements aided by 
rotational stress have given rise to thrust faults with sinistral displacement 
during Cuddapah and Pre-Gondwana period. Normal faults are later than 
shear thrusts, but belong to the same period of deformation as the thrust 
faults. Normal faults represent latest adjustment of rocks to deformations. 
Percolating siliceous solutions fill up the fault and joint planes. 


3. Silicification of the metamorphites along fault and joint planes 
giving rise to box-works of quartz, silicified rocks, etc. 
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EXPLANATION OF PLATE 


Fics. 1-4. Fig. 1. Platy quartz showing a joint-drag, 3 actual size. Figs. 2, 3 and 4 
Sgcondary quartz showing box-works of various shapes. Figs. 2 and 4, 4 actual size; Fig. 3, 
4 actual size. 
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UNSTRIATED muscle which has been killed by heat is a suitable preparation 
for the study of certain effects of substances on the contractile mechanism 
(Singh, 1954 a,b,c; 1955 a,b). The circular muscle of the stomach of 
the frog has the interesting property, that its contractile: mechanism is 
actively relaxed by substances that denature proteins. According to modern 
views, denaturation consists of an alteration of the specific internal structure 
of the protein wherein the closely folded peptide chains unfold (Haurowitz, 
1950). Similarly, the contraction of muscle is supposed to be due to folding 
of the contractile protein; so relaxation would be due to unfolding of the 
muscle proteins. The process of relaxation would be similar to denaturation 
of proteins. 


In the mechanism of enzymatic hydrolysis, it is presumed that the first 
phase of the enzymatic action is the combination of the enzyme with its 
substrate, the second phase of the enzymatic hydrolysis is the hydrolytic 
cleavage of the substrate while it is bound to the enzyme forming a com- 
plex. The formation of this complex presumably loosens some bonds of 
the substrate so that the enzyme is then able to act. 


The polypeptide chains might be at first unfolded by the enzymes and 
then undergo hydrolytic cleavage. The unfolding action of the proteolytic 
enzymes can be tested on heat killed frog’s stomach muscle. It has been 
found that the active relaxation of heated unstriated muscle is caused either 

' by the enzyme itself or by the medium in whwh it acts. 


EXPERIMENTAL 


Experiments were performed on unloaded strips of the circular muscle 
of the stomach of the frog, Rana tigrina. Both dying muscle and heat killed 
muscles were used. The muscles were killed by heating at 50°C. for 10 
minutes. They were then treated with various concentrations of enzymes, 
trypsin, pepsin and papain. The enzymes were dissolved in frog saline and 
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pH was adjusted to the requisite value by adding sodium bicarbonate, 
phosphate or hydrochloric acid. The control muscles were immersed in 
boiled enzymes; trypsin and pepsin were boiled for 10 minutes and papain 
for 15 minutes. Papain is rather resistant to boiling. In the present paper 
the strength of the enzymes is represented by the quantity of powdered 
material dissolved in saline; these were trypsin (Merck), papain (B.D.H.), 
pepsin B.P. (Burgoyne). The enzymes were allowed to act for 24 hours 
at 37°C.; for allowing milder action some experiments were performed 
at 30°C. By active relaxation of dead muscle is implied that it lengthened 
without the application of any external force. 


RESULTS 


Action of trypsin —Trypsin powder was used in concentration of 0-5 
to 1 per cent. at pH 8. In 21 heat killed muscles, it caused active relaxation 
in 18 muscles by 3 to 70 per cent., contraction in 1 muscle and had no effect 

on 2 muscles (Fig. 1, Table I). The concentration of the enzyme has to be 


TABLE I 


Frog’s stomach muscle, killed by heating to 50° C. for 10 minutes 
Active relaxation reduced by trypsin 


Active relaxation Active relaxation 
No. of per cent. No. of per cent. 
Experiment Experiment 
Effect of Control Effect of Control 
trypsin trypsin 


66 41 
10 
70 13 
10 20 
50 28 
30 | 20 
30 28 
44 28 
44 
46 


aunt WN 
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suitably adjusted, so as to be mild, as contraction appears to occur at the 
hydrolytic stage, and active relaxation as a preliminary effect. 


On dying muscle, trypsin did not produce any significant effect, but the 


control muscles were contracted, so that the effect of trypsin was to produce 
active relaxation (6 experiments). 


Action of papain.—The action of papain was studied in solutions of pH 1 
(6 experiments), pH 2 (6 experiments), pH 3 (6 experiments), pH 4 (6 experi- 
ments), pH 5 (6 experiments); pH 6 (12 experiments), pH 7 (6 experiments), 
pH 8 (6 experiments). It produced active relaxation only at pH 6~7 or 1; 
in other solutions it did not produce any significant effect (Table II). 
TABLE II 


Frog’s stomach muscle, killed by heating to 50° C. for 10 minutes 
Active relaxation produced by papain 


Active relaxation Active relaxation 
No. of per cent. at pH 6-7 No. of per cent. at pH 1 
Experiment Experiment 
Effect of Control Effect of Control 

papain papain 


20 


Action of pepsin—The action of pepsin is very powerful. In con- 
centrations of 0-2 to 1 per cent. of pepsin powder at pH | to 3, the muscles 
disintegrated. In 0-1 per cent., pepsin produced only contraction (6 experi- 
ments). The effect was less marked in 0-05 per cent. (6 experiments), and 
not significant in lower concentrations (Table III). Though pepsin by itself 
did not produce any active relaxation, the acid medium of pH 1 itself caused 
active relaxation of some muscles (Singh and Singh, 19545). In many 
muscles, there was no such effect, and in these muscles also pepsin only 
produced contraction. Pepsin, therefore, has no unfolding action. The 
preliminary unfolding is produced by the acid medium, and in these experi- 
ments, also by the preliminary heating. 


| 
| 
1 38 10 1 0 —8 ; | 
2 32 17 2 32 0 . | 
3 25 18 3 32 14 : 
4 21 8 4 31 0 : 
5 0 —18 5 —3 10 
6 14 3 6 22 a 
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TABLE III 


Frog’s stomach muscle, killed by heating to 50° C. for 10 minutes 
Contraction produced by pepsin at pH 1 


Contractions by 0-1 No. of Contractions by 0-05 
per cent. pepsin powder; Experiments _ per cent. pepsin powder; 
No. of __ per cent. of initial length per cent. of initial length 
Experiment 
Effect of Control Effect of Control 


pepsin pepsin 


95 106 
91 103 
100 104 

65 100 
73 100 
95 107 


60 
67 105 
43 102 
70 86 
45 100 
60 105 


The action of pepsin thus differs from that of trypsin or papain. Experi- 
ments were also performed at 30°C. to produce a milder action which is 
necessary for unfolding of the polypeptide chains, as stronger action produces 
hydrolysis. The concentrations used were 1 per cent. (6 experiments), 0-5 
per cent. (6 experiments), 0-2 per cent. (6 experiments) and 0-1 per cent. 
(6 experiments). No active relaxation was observed. 


DISCUSSION 


These experiments show that before the proteolytic enzymes can pro- 
duce hydrolytic cleavage, the polypeptide chains have to be unfolded; this 
may be produced by the enzymes themselves or the medium. The action of 
pepsin differs from that of trypsin and papain. It appears to attack those 
bonds in the protein molecule, the dissolution of which does not result in 
active relaxation. 


Active relaxation of unstriated muscle can thus be used to test some 
important reactions of proteins. Active relaxation of the contractile mecha- 
nism of unstriated muscle is caused by (a) denaturing agents; (b) distilled 
water; and (c) some proteolytic enzymes. The first reaction indicates 
unfolding of polypeptide chains during denaturation. Since the water 
molecule is a typical dipole, one would expect the hydrogen bond between 
the NH and CO groups to be cleaved by water molecules and the water in 
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Fic. 1. Frog’s stomach muscle, killed by heating to 50° C. for 10 minutes. 
Effect of trypsin (Elongated muscle). The shorter muscles are the controls. 
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this way to penetrate between the folded polypeptide chains (Bernal, 1940). 
This probably represents the mechanism of active relaxation by distilled water. 
The action of some proteolytic enzymes suggests that they also unfold the 
polypeptide chains as a preliminary step, or cause denaturation of proteins, 
thus acting as denaturases. 
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ORE MICROSCOPIC STUDIES OF THE MANGANESE 
MINERALS OF JAMDA VALLEY, KEONJHAR 


By SupriyA Roy, M.Sc. 
Received August 24, 1955 


(Communicated by Professor C. S. Pichamuthu, F.A.sc.) 


INTRODUCTION 


THE area under consideration in this paper lies in the topographical sheet 
No. 73 F/8 and is situated about 250 miles away from Calcutta, on the 
Tatanagar-Gua line of the Eastern Railways. The Jamda-Koira Valley 
extending southwards from Barajamda Railway Station is crowded with iron 
and manganese deposits of variable size and quality. These deposits occur 
as scattered pockets, associated with phyllites or cherts and cherty quartzites 
in the Iron Ore Series. The types of ore found, their quality and origin 
have already been discussed by the author in his communication to the 
Indian Science Congress (1954-55) and hence they will not be dealt with 
in this paper. In the following paragraphs the author will attempt to put 
forward the results of the ore microscopic studies of these manganese ore 
minerals. 


PREVIOUS WORK AND DISCUSSION 


Among the previous workers in this area only Dr. E. Spencer (1948) 
and Mr. B. Sen (Discussions, 1948 and 1951) discussed the probable mine- 
ralogical composition of the ores. Dr. Spencer seemed to be very much 
dogmatic about his idea that all the manganese ores of this area are pyro- 
lusites. He based his conclusions on the study of a few samples submitted 
by him to Dr. Bannister of the British Museum who identified all of them 
to be pyrolusite by X-ray powder analysis. But whether all the varieties of 
ores found in this area (there are a number of varieties present) were sub- 
jected to X-ray powder analysis or whether any other method, viz., chemical 
analysis, ore microscopic study, etc., was applied, about that Dr. Spencer 
chose to be silent. 


Mr. B. Sen, in his discussion on Dr. Spencer’s paper, suggested that all 
the ore minerals might not essentially be pyrolusite, rather the majority of 
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them may be psilomelane with pyrolusite, manganite and wad associated 
intimately with it. Particularly the stumpy needles with bronzy lustre giving 
out about 2% water on heating, was identified to be manganite by Mr. Sen. 
In a further communication (1951) Mr. Sen reports as many as five manga- 
nese minerals from the area, viz., psilomelane, pyrolusite, manganite, wad 
and rhodocrosite, of which the psilomelane was suggested to be the most 
abundant mineral while pyrolusite and manganite are secondary formed in 
the cavities of psilomelane. 


Under the above circumstances a very reliable account cannot be formed 
about the mineral composition of these manganese ores. The author has, 
therefore, taken up the problem in an attempt to solve the controversy and 
his observations will be put forward in the following pages. 


MANGANESE MINERALS 


Samples of ore mintrals for study under the reflected light were care- 
fully selected from different mines and virgin ore bodies mainly leased out 
to Messrs. Bird & Co. The specimens were then polished and studied under 
reflected light. The following minerals were then identified under the ore 
microscope :—{i) Psilomelane, (ii) Pyrolusite, (iii) Manganite, (iv) Polianite 
and (v) Romanéchite. These are sometimes associated with hematite, limo- 
nite and goethite. The identifying characters and the distribution of the 
ore minerals will now be taken up one by one. 


(i) Psilomelane.—This is the principal mineral present in the manganese 
ore bodies of the area. These are hard (hardness above 5) steel grey mine- 
rals exhibiting botryoidal, mammillary and stalactitic structures and take a 
fairly good polish. Reflectance is moderate and with the aid of Berek’s slit 
microphotometer it was estimated to be about 23-07 in green light in air. 
The mineral is non-pleochroic bluish grey and is isotropic between crossed 
nicols. But in most cases the psilomelane is more or less altered to pyro- 
lusite and therefore some anomalous anisotropism is noticed at places. The 
mineral exhibits colloform texture forming concentric layers and this points 
to their deposition from a gel. In most cases dehydration and subsequent 
alteration to pyrolusite has started and the shrinkage cracks developed in 
the concentric layers of psilomelane, are sometimes filled up with pyrolusite. 
From the widespread alteration of psilomelane to pyrolusite and the occur- 
rence of manganite, polianite and romanéchite in the cracks and vugs in 
the psilomelane, it is almost definitely established that psilomelane was the 
earliest and principal manganese mineral to be deposited, 
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Etch Reactions :— 


Positive .. HNO, Stains light brown, fumes tarnish. 
HCl Stains brown. 
Aq. Reg. Darkens. 
H,O, — Effervesces. Surface unaffected. 
H,O, + H,SO,— Stains sooty black. 
SnCl, —. Blackens. 

Negative .. KCN, KOH, HgCl,, FeCl,. 

(ii) Pyrolusite——Pyrolusite is considered to be a secondary mineral here 
which has been formed by alteration of psilomelane and manganite. It 
occurs in the concentric layers of psilomelane and also as pseudomorphs 
after manganite. It is almost white in colour, non-pleochroic and exhibits 
strong anisotropism in shades of yellow to grey. The reflectance is fairly 
high and comes to about 32 in air and in green light of Berek’s slit micro- 
photometer. This value is greater than that of all other manganese minerals 
and is higher than hematite with which it is intimately associated at places. 


Etch Reactions :— 
Positive .. H,SO,(Conc.) Tarnishes. 
SnCl, (in HCl) Blackens instantaneously. 


H,O, Effervesces vigorously, surface 
unaffected. 


H,O, + H,SO, — Stains sooty black. 

Negative .. HNO;, KCN, KOH, HgCl. 

(iii) Polianite—Aggregates of this mineral are located in some of the 
specimens. The mineral is non-pleochroic, yellowish white in colour and 
exhibits strong anisotropism from pale yellow to violet grey. This mineral 
forms starlike bodies within the concentric layers of the psilomelane 
(Pl. VII, Fig. 5) and is fairly coarse-grained. The reflecting power is 
quite high and comes to 34-4 in air in green light of Berek’s microphotometer. 


Etch Reactions: 
Positive .. HCl (1:1) (5 mins.) Blackened. 
HCI (Conc.) (1 min.) Blackened. 
H,SO, (Conc.) Feebly tarnished. 
FeCl, (20%) Persistent tarnish. 
H,0; (100 vols.) Violent effervescence, 
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The name pyrolusite is sometimes employed by others as a synonym 
for polianite. Schneiderhohn and Ramdohr used the name polianite to 
describe the varieties of larger grains of MnO, and used the term pyrolusite 
for very fine aggregation of minerals of this composition. Dunn (1936) 
maintains this term to describe these manganese dioxides. On the contrary 
Orcel follows Lacroix (1931) in ignoring the name pyrolusite for describing 
MnO, and recommends the unique application of the name pyrolusite only 
where the mineral is pseudomorphous after manganite. The author accepts 
the nomenclature set in by Schneiderhohn and Ramdohr in identifying 
polianite. 
(iv) Manganite—Manganite is another common mineral found asso- 
ciated with the pyrolusite and psilomelanes. It is present both as minute 
needles (Pl. VII, Fig. 1) and as well-defined euhedral to anhedral grains 
(Pl. VII, Fig. 2). The needle-shaped minute crystals are often formed in 
the cavities of psilomelane. These needles of manganite are often replaced 


by pyrolusite and pseudomorphs of pyrolusite after manganite are also 
fairly common. 


The minerals are greyish white in colour and in some grains they exhibit ~ 
distinct reflecting pleochroism from greyish white to light brown. They 
show strong anisotropism in shades of grey. The reflectance is much lower 
than polianite and pyrolusite, the value recorded in Berek’s slit microphoto- 
meter being 18-5 in green light in air (in the case of a section almost || to C). 
It exhibits straight extinction and brick-red internal reflection. 


Etch Reactions :— 


Positive .. HNO, (Conc.) — Fairly strong attack. 
HCl (Conc.) — Strong etching. 
SnCl, (Sat.) — Darkens. 
H,O, + H,SO, — Etches, bringing out cleavage 
lines. 
Negative .. HNO,(1:1), HCL (1:1), Aqua Regia, H,SO,, KCN, 


FeCl,, KOH, HgCl,. 


The pseudomorphic replacement of manganite by pyrolusite has been 
noticed in many cases and the polianite crystals in manganite have also been 
sighted. The pseudomorphous replacement generally proceeds in the 
cleavage direction of the manganites and the gradation from pure manganite 
to pure pyrolusite, the latter distinguished by high reflectance and different 
etch reactions, may easily be recognised. Fig. 1 (Plate VII) indicates 
the nature of pseudomorphic replacement of manganite needles, 
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(v) Romanéchite——Fine veinlets of this mineral have been identified 
traversing through the psilomelane. The mineral is greyish white in colour 
and shows strong anisotropism. The reflecting power is much less than 
polianite but higher than psilomelane and manganite and came to about 
22-7 in air and in green light of Berek’s slit microphotometer. In high power 
the mineral shows fine fibrous structure. 


Etch Reactions :— 


Positive .. HCl (Conc.) — Feeble attack. 
H,SO, (Conc.) — Blackens excessively. 
SnCl, (Sat.) — Clear attack. 
H,O, + H,SO, — Clear attack. 
Negative .. HCI (Dil.), FeCl,, H,O, (100 vols.). 


TEXTURAL RELATIONSHIP 


The most notable texture exhibited by these minerals is the colloform 
texture in which concentric bands of psilomelane present a characteristic 
picture (Pl. VII, Fig. 3) pointing out to its origin from a gel. Lindgren 
regards such texture as “the best criterion of a gel state, especially when 
they are emphasised by a successive deposition of the concentric layers of 
slightly different appearance”. Bastin (1950) also regards such textures 
to have originated from a gel. These concentric bandings may be due to 
the surface tension acting on the gel. Thiel (1928) suggests that the bandings 
have been formed due to the filling up of the concentric shrinkage cracks in 
earlier formed psilomelane by a later generation of the same mineral, thus 
giving rise to a difference in hardness in the two and correspondingly a 
difference in polish. The shrinkage cracks, perpendicular to the concentric 
lines, are also examples of origin of psilomelane from a gel. These cracks 
are subsequently formed by the dehydration of psilomelane and consequent 
shrinkage and tension. 


‘ Caries ’ have been formed in the contact of psilomelane and pyrolusite 
where the latter replaces the former, as revealed from the marginal relations. 
Pyrolusite also replaces the manganite along the elongated direction of the 
latter (Pl. VII, Fig. 1). 


Polianite forms star-like bodies completely enclosed in the innermost 
layer of the colloform psilomelane (Pl. VII, Figs. 4 and 5) whereas romané- 
chite forms veins traversing through psilomelane and pyrolusite (Pl. VII, 
Fig. 6). 

In one specimen polianite and manganite exhibit mutual boundary 
(Pl. VII, Fig. 2) suggesting contemporaneous deposition. 
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MINERAL PARAGENESIS 


The paragenesis of the ore minerals has been drawn up based on the 
textural relationship of the ore minerals. The psilomelane is obviously 
the first mineral to be deposited from a gel, as the colloform texture will 
indicate. Manganite and polianite showed mutual boundaries and the 
former occurs in the cracks and crevices of the psilomelane and hence 
younger than that. No replacement relation has, however, been noticed 
among psilomelane, manganite and polianite. Pyrolusite replaces psilo- 
melane and manganite, the latter pseudomorphically, and hence is younger 
than both of them. Romanéchite veinlets traverse both psilomelane and 
pyrolusite and therefore is the youngest mineral to form. 


Therefore the sequence of formation of the ore minerals is as follows :— 
psilomelane, manganite and polianite, pyrolusite, romanéchite. 


CONCLUSION 


In the preceding pages the author has ventured to put forward a de- 
tailed mineragraphic description of the manganese ore minerals of Jamda 
Valley, Keonjhar. He does not agree with Dr. Spencer (1948) regarding 
the mineral composition of these ores which, the latter concluded to be com- 
prised of pyrolusites only. The author agrees with B. Sen (1951) that most 
of the manganese ores of Keonjhar are psilomelane with some manganite. 
Pyrolusite is of course abundantly present as a replaced product from 
psilomelane. In addition to these, polianite and romanéchite are present. 
The latter was first described by Dr. S. Deb (1939) from a lateritoid manga- 
nese deposit of Belgaum District, S.W. India. Wad is also present in this 
area but as these do not take the minimum polish necessary for ore micro- 
scopic study, are excluded from this investigation. 


The mineral paragenesis, based on the textural relationship of the ore 
minerals, has been drawn up as follows:— 


Psilomelane, polianite and manganite, pyrolusite and romanéchite. 
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SUMMARY 


In this paper the author has put forward the results of his study of the 
manganese ore minerals of Jamda Valley under the reflecting microscope. 
He differs from Dr. Spencer (1948) who suggested that the ores are entirely . 
composed of pyrolusite, and has identified five different manganese minerals 
under the microscope. These are: Psilomelane, Pyrolusite, Manganite, 
Polianite and Romanéchite. In addition to the etch reactions and the general 
optical criteria, the reflectance for each of the mineral was measured and they 
read as follows:—Psilomelane—23-07, Pyrolusite—32, Polianite—34-4, 
Manganite—18-5 and Romanéchite—22-7. All these readings were taken 
in Berek’s slit microphotometer in green light and in air. The psilomelane 
is the first and principal mineral to be deposited. It exhibits colloform 
textures and shrinkage cracks and has deposited from a gel. Manganite 
and polianite, the two minerals showing mutual boundary with each other, 
were deposited after psilomelane and the manganite occupies the cracks 
and crevices of psilomelane. Pyrolusite which replaces both psilomelane 
and manganite is an alteration product and was formed after the manga- 
nites, while romanéchite which cuts the psilomelane and the pyrolusite in 
the form of veinlets, is the youngest mineral to be deposited. 
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DESCRIPTION OF FIGURES 
Needles of manganite (Greyish Black) being replaced by Pyrolusite, x 50. 


Euhedral grains of manganite (greyish black) showing mutual boundary relation with 
polianite (white), x80. 


Colloform texture exhibited by psilomelane, x 80. 


Crystal aggregates of polianite crowded in the concentric layers of psilomelane (curved 
lines bordering the crystal aggregates), x 80. 

Star-like bodies of polianite (P) surrounded by psilomelane bands (PS), x80. 

Vein of romanéchite traversing psilomelane (P) and pyrolusite (PY), x 80. 
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FUNGI ISOLATED FROM RHIZOSPHERE—I 
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Received September 5, 1955 
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THE following are some of the fungi frequently isolated from the rhizosphere 
of some crop plants, particularly pigeon-pea (Cajanus cajan). Three of 
them are new records for the country, viz., Melanospora brevirostrata C. 
Moreau, Aspergillus giganteus Wehmer and O6cdocephalum coprophilum 
Kobayasi. 


1. Melanospora brevirostrata C. Moreau in Bulletin de la société Myco- 
logique de France, 1945, 61, 53-60. 


Perithecia subgregarious, superficial, (on incubated root fragments) 
hyaline, subspherical, 300-600 » in diameter, surmounted by a short cylindri- 
cal neck measuring up to 80, in length covered sparsely with short hyaline 
sete which are continuous and up to 200, in length. Asci clavate, diffluent, 
octosporous, measuring 70-90 x 16-26, paraphysate. Ascospores typically 
fusiform-elliptic, somewhat inequilateral, hyaline when young, becoming 
deep fuscous brown with age, mostly 27:2 13-6, range 24-30°8 x 10-4- 
15-2, average 26-8x13-4y. Ascospores germinate through germinal 
pores present at either end of the spores. Ascospores are extruded in a long 
coiled chain through the neck of the perithecium. 


2. Stachybotrys atra Corda in Icon. Fung., 1837, 1, 21; Saccardo, 
Syll. Fung., 1886, 4, 269; Bisby, G. R., Trans. Brit. mycol. 
Soc., 1943, 26, 133-43; 1945, 28, 11-12; Subramanian, C. V., 
Proc. Indian Acad. Sci., 1952, 36 B, 48. 


Colonies deep black in colour. Sterile hyphe repent, branched sparsely 
septate, measuring 2°8-5-6 in diameter. Fertile hyphe erect, branched, 
subhyaline to fuscous, up to 4 thick. Conidiophores disposed alternately, 
up to 80, long and 5 in diameter. Apex of the conidiophore not inflated, 
with 3-5 sterigmata which are obovate to clavate, subhyaline to fuscous, 
measuring up to 964-8. Conidia borne acrogenously, elliptic to ovate, 
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Fic. 1. Melanospora brevirostrata C. Moreau. (Herb. M.U.B.L. No. 1351.) 


A-D Perithecia. 
E An immature ascus and a paraphysis. 
F A mature ascus. 


G An immature ascospore with guttules. 
H &I Mature ascospores. 
J Germinating ascospore. 


average diameter 8-3x5-5, range mostly 8-0x 5-6, 
hyaline when young becoming deep smoky brown later, rough enclosing a 
guttule. 


3. Aspergillus giganteus Wehmer in Centraal. f. Bakt., 1907, 18, 
385; Thom and Raper, A Manual of the Aspergilli, 1945, 
pp. 95-98. 


Colonies on Czapek’s solution agar fast growing, floccose with abundant 
aerial mycelium. Conidiophore formation takes place in 2-4 days. Primarily 


c 
WL 
D 
nts 
dri- 
line 
ent, 
ally | 
ling 
inal 
ong 
rdo, 
col. 
V., 
sely 
hed, 
tely, 
ted, 
ous, 


AGNIHOTHRUDU AND OTHERS 


Fic. 2. Stachybotrys atra Corda. (Herb. M.U.B.L. No. 1352.) 


A-E Showing branching of the conidiophores. 
F&G _  Sterigmata bearing the conidia. 
H Mature and immature conidia. 


short conidiophores measuring up to Smm. in length are formed 
followed by the development of long conidiophores which are highly photo- 
trophic. These are abundant on the fringes of the colony almost obscuring 
the central mass of short conidiophores. Colony at first white, gradually 
becoming pale blue-green in colour, reverse pale tan to deep brown with the 
advance in age of the culture. Conidial heads produced early during the 
growth of the culture measuring from 1-5 mm. in length bearing clavate 
heads measuring 120-230 20-45; conidiophores produced subsequently 
measure 8-20 mm. long, bearing heads that are 300-650 100-200. The 
heads are uniseriate, the sterigmata measuring 2-8-4-0x2-4-3-0Ow at the 


f 
7674 
4 ¢ 
H 
0 5 
\\ 
PO 
(8, 
Of D 
| 
Ny 
hy 
; 
4 
F (33 


Fungi Isolated from Rhizosphere—I 


Fic. 3. Aspergillus giganteus Wehmer. (Herb. M.U.B.L. No. 1353.) 
A Conidiophores. 
B An enlarged clavate vesicle. 
Cc Foot cell. 
D Sterigmata with conidia. 
base of the clavate vesicle and 6-4-8-0x2-4-3-6y at the apex. Conidia 
are elliptic, thin-walled, smooth, measuring on average 3-5xX2-6p, range 
mostly 3-5x2-6n. 


4. Ocedocephalum coprophilum Kobayasi apud Kobayasi and Tubaki in 
Nagoa, 1952, 1, 8-9. 


Colonies on root segments effuse, white to yellow, becoming pale pinkish 
in colour. Vegetative hyphe thin, hyaline, moniliform, highly ramified 
measuring 6-4-11-2 in diameter interspersed by chlamydospore-like 
thickenings. Conidiophores abundant, erect, straight, simple, cylindrical, 
uniform in diameter or slightly attenuate at the apex, septate, not infrequently 
continuous, 120-350 long, 4-8-9-6 in diameter. The conidiophores 


end in a prominent vesicle, subglobose to spherical, rather truncate at the 
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Fic. 4. Oedocephalum coprophilum Kobayasi. (Herb. M.U.B.L. No. 1354.) 
A Conidiophores. 
B Sterile mycelium with chlamydospore-like swellings. 
C-E Development of conidia. 
F Vesicle showing puncte. 
G Conidia. 


base, measuring 26-30 x 20-25, hyaline, covered with dense aggregations 
of conidia. The conidia fall away leaving distinct puncte on the vesicle, 
each encircled by a shallow furrow which present the vesicle a facetted aspect. 
Conidia sessile, continuous, ovoid, thin-walled, hyaline, smooth, measuring 
on an average 12-5, range 11-2-21-6x9-14, mostly 12-5y. 
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Fungi Isolated from Rhizosphere—I 


Fic. 5. Dendryphion interseminatum (Berk. and Rav.) Hughes. (Herb. M.U.B.L. No. 1355.) 
A-D_ Conidiophores. 
E Conidia. 
F Conidial chain. 
G Germinating conidium. 


5. Dendryphion interseminatum (Berk. and Rav.) Hughes in Canad. J. 
Bot., 1953, 31, 638; Ellis, M. B., E. A., and J. P., Trans. Brit. 
mycol. Soc., 1951, 34, 158-61. 


Colonies deep brown in culture, restricted, producing abundant conidial 
masses. Hyphe smooth, hyaline to subhyaline, 1-34 wide. Fertile hyphe 
erect or procumbent, thicker than the sterile mycelium, sparsely branched. 
The branches are alternate, widely spaced and arise from swollen nodes of 
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the conidiophore. The laterals arise as buds on the inflated apex of the 
conidiophore which may bear secondary branches. The conidiophores 
measuring 180-280, mostly 250; diameter at the apex 3-2-8-4y, at the 
base 5-0-9-6 and 5-6-11-2 at the nodes, 3-12 septate, with 0-4 branches. 
The branches are stout, cylindrical, straight or slightly bent, measuring 
15-98 x 3-2-5-O0yu. The conidia are borne terminally or intercalarily on 
swellings or nodes, either singly or in groups up to 5. Some are often 
formed in short chains of 2-3. Conidia are cylindrical to clavate, septate 
and sometimes slightly constricted at the septa, obtuse apically, subtruncate 
at the base, pale yellow brown to deep brown, smooth when young becoming 
verrucose with maturity, 1-4 septate, measuring 12-8-24 w, diameter at the 
apex 3-8-6°4 and 5-0-8-4 at the widest part. 
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STUDIES ON THE AMINO-ACID METABOLISM OF 
MYCOBACTERIUM TUBERCULOSIS H37Rv 
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(Communicated by Dr. M. K. Subrahmaniam, pD.Sc., F.A.SC.) 


INTRODUCTION 


As part of our programme of work on the biochemical nature of drug resist- 
ance in Mycobacteriym tuberculosis H37Rv, it has been considered necessary 
to compare the amino-acid metabolism of the parent strain with that of its 
mutants, singly resistant to streptomycin, PAS and INH. Except the quali- 
tative results of Pauletta and Defranceschi (1952), no quantitative data are 
available on the amino-acid metabolism of Mycobacterium tuberculosis 
H37Rv. Studies have therefore been carried out to establish, as a first step, 
the pattern of amino-acid metabolism in the normal strain. In particular, 
studies have been carried out to assess, at suitable time intervals, the amino- 
acid make-up of (i) the clear culture filtrate, (ii) the culture filtrate hydroly- 
sate, (iii) the clear cell homogenate, (iv) the cell homogenate hydrolysate, 
and (v) the insoluble protein mass of the bacterial cell, and some of the 
results obtained are presented in this communication. 


MATERIALS AND METHODS EMPLOYED 


Mycobacterium tuberculosis H37Rv has been grown, in ordinary bac- 
teriological test tubes, on Youmans medium (1944), which, in place of 0-5% 
l-asparagine, contains 0-5% J/-aspartic acid. This has been done with a 
view, firstly, to facilitating the estimation of the amino-acids by the circular 
paper chromatographic method followed, and, secondly, to ensuring that 
the nitrogen, required for the amino-acid transformations, is derived from 
the amino-acid only, and not from the amide group of asparagine. By 
preliminary experiments, it has been observed that this organism grows as 
well on J/-aspartic acid as on J-asparagine. At required time intervals, the 
live bacterial mass has been collected from as many tubes as to yield not less 
than 200 mgm. of the wet bacterial mass. The bacterial mass, prior to, 
and for the purpose of collection, and subsequent amino-acid analysis, has 
not been killed or inactivated by heating, as the process of heating even at 
60° C. for half an hour causes a loss of the peptide and amino-acids from 
the cell (vide data in Table I). The live bacterial mass has been separated, 
on Whatman filter paper No. 41, from the culture filtrate, and has been 
repeatedly washed with distilled water to remove any adhering amino-acid. The 
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culture filtrate, together with the washings, has been evaporated to dryness 
on a water-bath. The residue has been taken up in 10% (v/v) isopropanol 
in water, and the volume has been made up to 10c.c. (A). Sc.c. of this 
solution has been hydrolysed by refluxing for 20 hours with 5N HCl, employ- 
ing, as suggested by Dustin ef al. (1953), about 20c.c. of the acid for every 
1 mgm. of the protein, with a view to minimising the decomposition of amino- 
acids in the presence of carbohydrates. At the end of the hydrolysis period, 
the excess acid in the hydrolysate has been distilled off under reduced 
pressure. The residue has been dissolved in distilled water, quantitatively 
transferred to a glass basin, and evaporated to complete dryness on the 
water-bath. The residue has then been taken up in 0-2 c.c. of N/10 NaOH, 
and 0:8c.c. of 10% (v/v) isopropanol in water. 0-2c.c. of N/10 NaOH 
has been found by previous trials to be adequate to bring the pH of the final 
solution between 6 and 7. The solution has then been centrifuged, and the 
clear supernatant has been taken to represent the culture filtrate hydrolysate. 
The remaining 5 c.c. of the culture filtrate (A) has been quantitatively trans- 
ferred to a glass basin, evaporated to complete dryness on the water-bath, 
taken up in lc.c. of 10% (v/v) isopropanol in water, centrifuged, and the 
clear supernatant has been used as the culture filtrate. The washed live 
bacterial mass has been pressed between the folds of a filter paper to remove 
excess water, and then transferred to a weighed centrifuge tube, and weighed 
again. The bacterial mass has then been suspended in a volume of water, 
corresponding to 10 times its weight, and the soluble constituents, within 
the cell, have been extracted by vigorously stirring the suspension, and 
heating it in a boiling water-bath for 10 minutes (Gale, 1947). At the end 
of the heating period, the suspension has been centrifuged, and the clear 
supernatant has been transferred to a glass basin. The residue has been 
similarly extracted again with water. The combined supernatant has been 
evaporated to dryness on the water-bath. The residue has been taken up 
in 10% (v/v) isopropanol in water, and centrifuged, and the clear supernatant 
has been made up to 10c.c. (B). This has been processed as in case of cul- 
ture filtrate (A), leading, finally, to the preparation of solutions of cell homo- 
genate and cell homogenate hydrolysate. The residual bacterial mass has 
been defatted by soxhleting first with acetone, and then with ether. The 
defatted material has been hydrolysed with SN HCl, and the hydrolysate 
has been processed, similarly as the hydrolysates of culture filtrate (A) and 
cell homogenate (B). 


Total nitrogen and free ammonia have been determined by the colori- 
metric method of Johnson (1941), and amino-acids, by the circular paper 
chromatographic method of Rao and Wadhwani (1955). 
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RESULTS 
The results are presented in the following tables :— 


TABLE I 


Effect of heating for half an hour at 60°C. on the concentration of 
amino-acids and peptide in the cell homogenate of Mycobacterium 
tuberculosis H37Rv, grown on Youmans medium, containing 0-5% 
l-aspartic acid as the sole source of nitrogen 
The values of amino-acids are expressed as + of the amino-acid per 100 mgm. of the wet 


bacterial mass. The values of peptide are expressed in terms of Klett-colorimeter reading, with 
filter No. 54, of the ninhydrin reacted peptide from 100 mgm. of the wet bacterial mass. 


Concentration in Concentration in 


Substance present the homogenate the homogenate Difference in 
and estimated prepared from the _ prepared from concentration 
cells heated for unheated (live) cells 


} hr. at 60°C. 


Lysine éé 28-3 
Alanine... 140-0 155-0 15-0 
Glutamic acid 3033-2 3233-2 200-0 
y-Aminobutyric acid. . 252-6 280-0 27°4 
Aspartic acid - 445-0 473-2 28-2 
Peptide .. ba 486-6 570-0 83-4 


TABLE II 

Amino-acid composition of the culture filtrate of Mycobacterium 

tuberculosis H37Rv, grown on Youmans medium, containing 0-5% 
l-aspartic acid as the sole source of nitrogen 

The results are expressed in + of the amino-acid per c.c. of the culture filtrate. 


Amino-acid present 


Age of the culture in days 
and estimated 


7 12 16 


20 23 


Aspartic acid 5000 4934 4617 4521 3967 3334 3350 
Glutamic acid 20:77 25:54 29-34 33-86 
Alanine Trace Trace 4-00 5-06 


+; = Not present in detectable quantities. 
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TABLE IV 


The amino-acid composition of the insoluble protein of Mycobacterium 
tuberculosis H37Rv, at different periods of growth on Youmans 
medium, containing 0-5% |-aspartic acid as the sole source 

of nitrogen 
The results are expressed in percents of total nitrogen of the defatted protein. 


Amino acid Age of the culture in days 
estimated 


11 13 


a 
8 


Leucine -. 4°98 5-33 4-96 4-91 4-31 4-19 
Isolucine 2°85 2-85 2-73 2°46 1-92 
Phenylalanine.. 2-92 2-90 2-60 2-37 2-46 2-80 
Valine . 5-07 5-11 5-10 4-97 4-24 
Methionine .. 0-88 0-88 0-88 0-84 0-89 0-86 

Tyrosine Pe 1-36 1-39 1-41 1-48 1-37 

Alanine - .. 7-28 7-80 8-49 8-42 8-60 8-53 
Threonine .. 3-28 3-20 3-09 2-76 3-04 3-77 
Glutamic acid 7-45 7-17 6-27 5-61 5-36 4-75 
Glycine -. 8-85 8-00 7-62 6-92 7-79 8-15 
Serine 3-48 3-43 3-38 3-56 3-43 
Asparticacid.. 7-05 6-80 6-48 6°56 6-63 6-91 
Arginine -. 16-19 15-75 15-66 15-62 15-09 13-71 
Histidine 17°43 8-50 9-25 8-65 7°59 6°21 
Lysine —— 5-81 6-10 5-88 5-73 4-77 
Cystine . 42 3-62 3-83 3-80 4-14 3-95 


.. = Not estimated 


The values of cystine include the values of a-e-diamino-pimelic acid, as these two amino-acids 
come together, and could not be separated by the method employed. 


From the data given in Table II, it is seen that, in its entire period of 
growth in the ordinary bacteriological test tube, only 33% of the amount 
of /-aspartic acid, incorporated into the medium (0-5%), has been utilised, 
and that, till nearly its period of active growth, no amino-acid, elaborated 
within the cell, has been given out in the medium. It is only on the 12th 
day and after that glutamic acid is present in the culture filtrate. Valine 
and leucines are present in the culture filtrate only after the 20th day, and 
only in traces. Alanine is present in traces from the 12th to 16th day, and 
from 16th to 23rd day, like lysine, is present in very small quantities. The 
hydrolysis of the culture filtrate has shown the presence of the same amino- 
acids in more or less the same concentration—the results therefore have not 


been included—excepting after the 16th day, when the presence of extremely 
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faint bands of other amino-acids has been observed on the chromato- 
grams. These have been found to come from the tuberculin proteins 
present in the culture filtrate of a fully grown culture of Myco. tuber. 
H37Rv. These tuberculin proteins have been isolated from the culture 
filtrate of 3 weeks-old culture of Myco. tuber. H37Rv by the method of 
Seibert (1949), and their percentage of nitrogen and amino-acid composition 
have been determined, and the data are given in Table V. 


TABLE V 


The amino-acid composition of the three protein fractions isolated 
from the culture filtrate of 3 weeks-old culture of Mycobacterium 
tuberculosis H37Rv, grown on Youmans medium, containing 
0-5% l-aspartic acid as the sole source of nitrogen 

The results are expressed in percents of total nitrogen. 


Fraction I Fraction II Fraction III 
Constituent precipitated at precipitated at precipitated at 
estimated pH 4 pH 4 with 30% pH 4 with 70% 
ethanol ethanol 


Nitrogen percentage 
Leucine 
Isoleucine .. 
Phenylalanine 
Valine 
Methionine. . 
Tyrosine 
Alanine 
Threonine .. 
Glutamic acid 
Glycine 

Serine 
Aspartic acid 
Arginine 
Histidine 
Lysine 

Cystine 
Proline 
Tryptophan 
Free Ammonia 


Noe 


NON NFO’, 


87 
59 
90 
05 
10 
03 
71 

“99 
38 

-67 

23 
40 
42 
41 

“41 

“17 

-23 


ONS 


5 
5- 
2: 
3 
5: 
7 
3 
9: 
9: 
1 
3 
0 
5 


— 


.. = Not present in detectable quantities. 


The hydrolysate of fraction III contains a very prominent ninhydrin positive substance, which 
comes below cystine in the chromatograms developed with solvents II and III (vide paper by Rao 
and Wadhwani, J. Ind, Inst. of Sci., 1955, 37, 130). The nature of this substance has not been 
investigated, 
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Fractions I and II have more or less the same nitrogen percentage, and 
qualitatively, have the same number of amino-acids; but quantitatively, 
fraction I contains more of leucine, methionine, tyrosine, arginine, histidine, 
lysine, and less of cystine, proline and free ammonia than fraction II. Part 
of the difference in the ammonia content may be attributable to the method 
of hydrolysis, which, as far as possible, has been maintained the same in 
every case. Fraction III is different from fractions I and II in many res- 
pects. It has a very low nitrogen percentage, and contains less of every 
amino-acid, excepting glutamic acid, aspartic acid and arginine, and 
ammonia. The presence of cystine and serine has not been detected in the 
hydrolysate of fraction III. At first, it was thought that the absence of 
serine, and the presence of aspartic acid in very high concentration (19-12), 
which is more than twice that present in fractions I and II (9-22), might have 
been due to the error in the method of estimation adopted, but subsequently, 
this has been ruled out as the presence of serine has not been detected by 
any other method. However, the possibility cannot be ruled out that serine 
might have been destroyed during the process of hydrolysis due to the pre- 
sence of carbohydrate moiety of fraction III. Some of the results, regarding 


the amino-acid composition of these fractions, are in agreement with the 
data of Seibert (1953). 


The homogenate of the cells, used as inoculum (Table IID), contains a 
peptide, and, in the descending order of concentration, glutamic acid, 
y-aminobutyric acid, aspartic acid, lysine, alanine, glycine, and traces of 
valine and leucines. On the 4th day, the concentration of each of these 
constituents, except glycine, which is absent till the 12th day, is less than that 
in the inoculum. On the 7th day, the concentration of these constituents, 
excepting lysine, whose concentration tends to decrease till the 16th day, 
and then registers an increase, shows an upward trend, which is maintained, 
till the 12th day, excepting in the case of peptide and y-aminobutyric acid. 
On the 16th day, the homogenate contains less of peptide, lysine, aspartic 
acid, glutamic acid, valine and leucines, and more of glycine, y-amino- 
butyric acid and alanine than the homogenate prepared from cells of 12 days 
old culture. On the 20th day, the concentration of these constituents, 
excepting that of lysine, glycine and y-amino-butyric acid, which shows an 
increase, is further decreased, which, on the 23rd day, save for that of glycine 
and alanine, which shows a decrease, again indicates an upward trend. The 
cell homogenate hydrolysate of the inoculum, as compared to the cell homo- 
genate, contains increased concentration of lysine, glycine, aspartic acid, 
glutamic acid, alanine, valine, leucine, isoleucine, serine, threonine and 
methionine, indicating thereby that the peptide is composed of these amino- 
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acids. The peptide, in the cell homogenate of 7 to 12 days old culture, con- 
tains a small quantity of methionine, which is absent in the peptide in the 
cell homogenate of 16 to 20 days old culture. The peptide, in the cell homo- 
genate of 23 days old culture, again contains methionine, and also a small 
quantity of tyrosine ahd cystine. Studies are in progress to determine 
whether the qualitative changes in the amino-acid composition of the peptide 
are really due to the effect of the age of the culture, or arise from the presence 
of other nitrogenous compounds in the cell homogenate, which, on hydro- 
lysis, show the presence of these amino-acids. 


The amino-acid composition of the insoluble protein of Myco. tuber. 
H37Rv (Table IV), at different periods of growth, though qualitatively is 
the same, quantitatively, shows variations. In other words, the quantita- 
tive amino-acid composition of the insoluble protein of Myco. tuber. H37Rv 
seems to be influenced by the age of the culture. 


DISCUSSION 


When Mycobacterium tuberculosis H37Rv is grown on the medium, 
containing /-aspartic acid as the sole source of nitrogen, neither the culture 
filtrate nor its hydrolysate is indicative of the amino-acid changes, that are 
taking place within the cell. Though the culture filtrate of a fully grown 
culture of Myco. tuber. H37Rv contains the three tuberculin proteins which, 
with the exception of fraction III, contain all the common 18 amino-acids, 
whose presence, in the free state in the culture filtrate, has not been detected 
at any time during the growth cycle of the organism, it may be inferred 
that these protein fractions do not have their origin in the culture filtrate, 
and therefore, are not linked with its amino-acid composition. 


In contrast to the culture filtrate and its hydrolysate, the cell homogenate 
and its hydrolysate show significant variations in their amino-acid compo- 
sition with the age of the culture, and therefore seem to be better indicative 
of the amino-acid reactions occurring within the cell, though, without 
further and more detailed studies, it is difficult at present to assign any 
precise significance to these changes. It, however, remains to be pointed 
out that the presence of phenylalanine, arginine, histidine, proline and a-e- 
diamino-pimelic acid, which are present in the insoluble protein of Myco. 
tuber. H37Rv, has not been detected, by the methods employed, in the cell 
homogenate or its hydrolysate, nor has been detected the presence of y- 
aminobutyric acid in the protein hydrolysate, and the presence of y-amino- 
butyric acid and peptide in the culture filtrate and its hydrolysate (vide also 
Pauletta and Defranceschi, 1952), though both these substances are present 
in large concentration in the cell homogenate, 
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The amino-acid composition of the insoluble protein of Myco. tuber. 
H37Rv does not seem to be quantitatively constant. This is somewhat at 
variance with the observations of Stokes and Gunness (1946), and Freeland 
and Gale (1947). The cause of this lack of agreement is being investigated. 


SUMMARY 


(i) Data are presented on the amino-acid composition of (i) the clear 
culture filtrate, (ii) the culture. filtrate hydrolysate, (iii) the clear cell homo- 
genate, (iv) the cell homogenate hydrolysate, and (v) the insoluble protein 
mass of Mycobacterium tuberculosis H37Rv at different periods of growth. 
Data also are presented on the amino-acid composition of the three tuber- 
culin proteins isolated from the culture filtrate of a fully grown culture of 
Myco. tuber. H37Rv. 


(ii) From among the fractions studied, it is concluded that the cell 
homogenate and its hydrolysate are most indicative of the amino-acid 
changes taking place within the cell. 
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STUDIES IN HISTOPATHOLOGY—EFFECTS OF THE 
PRESENCE OF A PLAGIORCHID METACERCARIA ON 
THE TISSUES OF THE SNAIL VIVIPARA 
BENGALENSIS (LAMARCK) 


By M. B. LAL, F.A.Sc. AND S. C. BAUGH 
(Department of Zoology, University of Lucknow, Lucknow, India) 


Received September 2, 1955 


A PLAGIORCHID metacercaria occurs abundantly in the tissues of the snail 
Vivipara bengalensis (Lamarck) and induces some far-reaching changes in its 
internal organs. Such changes, which have been previously observed in 
other snails infected with larval flukes, occur in their digestive glands, gonads 
and accessory sexual organs. In the digestive gland the cells lose their 
characteristic columnar arrangement and become extremely irregular in their 
outline. Histolysis of the cells occurs, transverse partition walls are laid 
down, and in extreme cases the columnar epithelial cells appear squamous. 
In gonads the germinal epithelium is atrophied. Secondary transverse 
partitions are laid down in the germinal epithelium which eventually becomes 
reduced to a layer of flattened cells. In heavy infections the gonads become 
so badly damaged that the germ cells cease to be formed. Very often the 
infected snails suffer from castration and the accessory genital organs are 
affected. The infected snails may show a reduced penis in males as com- 
pared with that of normal individuals and the development of a small penis 
in females. Gigantic growth may also be induced in some snails due to 
such infections. 


In India, studies on these lines have received scant attention. Dutta 
(1932, 1933), Rao (1933, 1934) and Lal (1937) have made some histo- 
pathological studies of the vertebrate tissues infected with blood flukes. In 
the present paper, a description of the changes induced in Vivipara bengalensis 
(Lamarck) by a Plagiorchid metacercaria is given. 


MATERIAL AND METHODS 


Specimens of Vivipara bengalensis (Lamarck) were collected from the 
River Gomti in Lucknow. The snails were dissected in normal saline, and 
both infected and normal tissues of the snail were fixed in Carnoy’s acid- 
alcohol, modified Zenker’s solution, Gilson’s fluid, Bouin’s fluid and Acetic 
sublimate. Serial sections, 5-8 in thickness, were cut and stained with 
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Ehrlich’s hematoxylin, Heidenhain’s iron hematoxylin and eosin, and also 
with Mallory’s triple stain. 


EFFECTS OF THE METACERCARIA UPON THE TISSUES OF THE MANTLE 


The normal mantle of the snail Vivipara bengalensis, as described by 
Annandale and Sewell (1921), consists of a superficial layer of epithelium below 
which there is a thick mass of connective tissue. As a metacercaria arrives in 
the connective tissue of the mantle (which is possibly accomplished by an 
active migration of the parasite), it gradually grows and produces a thin fibrous 
cyst around its body in which it remains quite safe and rather inactive. The 
tissues of the mantle promptly respond to the presence of the parasite by 
producing a thick cyst around it. Thus each cyst surrounding a meta- 
cercaria is double (Figs. 1, 2) in nature, the thick outer cyst wall being 
produced by the tissues of the mantle while the thin inner one by the parasite 
itself. Occasionally two individuals (Fig. 1) may be imprisoned within the 


Fic. 1. A piece of infected mantle of Vivipara bengalensis showing the metacercarie within 
the cysts. 


i.cy., inner cyst wall; meta., metacercaria ; o.cy., outer cyst wall; sh.gi., shell-gland. 


thick cyst produced by the tissues of the mantle. These cysts are promi- 
nent spherical structures which, when fully developed, occupy almost the 
whole thickness (Fig. 2) of the mantle. Consequently the mantle bulges 


meta 


Fic. 2. Transverse section through the infected mantle of Vivipara bengalensis showing the 
metacercaria. 

con. tis., connective tissue; epi., epithelium; i.cy., inner cyst wall; meta., metacercaria ; 
o.cy., Outer cyst wall; sh.gi., shell-gland. 


out at the site of infection due to these large cysts, and hence in a piece of 
infected mantle these cysts appear like slightly raised domes in surface view. 


Fic. 3. Transverse section through the infected mantle of Vivipara bengalensis showing the 
initial stage of infection. 
The tissue has disintegrated at the site of infection and the outer cyst of small thin-walled 


cells is being produced by the neighbouring connective tissue cells through proliferation. Meta- Vi 
cercaria has not yet formed its own cyst. 


con.tis., connective tissue ; epi., epithelium ; mefa., metacercaria ; o.cy., outer cyst wall. = 
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The various changes in the mantle seem to occur in the following sequence. 
At first there is a local dissolution of the tissue at the site of infection (Fig. 3) 
soon after the parasite has arrived and started growing. At the next stage, 
it is found that the cells of the connective tissue which are in close proximity 
of the intruder rapidly proliferate and give rise to a mass of small thin-walled 
cells (Fig. 3, o.cy.) which eventually form the thick outer cyst wall, referred 
to above, around the parasite. Some of the polygonal cells of the connective 
tissue particularly those which are immediately around the cyst become 
stretched and elongated possibly due to the pressure exerted by the cyst. 
At a still later stage of infection fibrous tissue also begins to develop around 
the cyst. 


Fic. 4. Transverse section through an uninfected right tentacle of a male specimen of 
Vivipara bengalensis. 

con.tis., connective tissue ; d.ej., ductus ejaculatorius ; epi., epithelium ; m.c., nerve cord ; 
op.n., optic nerve. 
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Fic. 5. Transverse section through an infected right tentacle of a male specimen of Vivi- 
para bengalensis showing theJpressure exertedfon the ductus ejaculatorius by the metacercarial 
cyst. 

con.tis., connective tissue; d.ej., ductus ejaculatorius ; epi., epithelium; /ib.tis., fibrous 
tissue; i.cy., inner cyst wall; meta., metacercaria ; n.c., nerve cord; o.cy., outer cyst wall; 
op.n., optic nerve. 


The infected mantle apparently becomes thickened and consequently 
in case of heavy infection it may not be able to remain elastic and perform 
its normal function. How far the shell-producing function of the mantle 
is interfered with due to the infestation by these metacercarie is not quite 
clear. 


EFFECTS OF THE METACERCARIA UPON THE TISSUES OF THE TENTACLE 


The tentacle of Vivipara bengalensis is a large conical structure and 
bears an eye on its outer side at the broad basal part. It is composed of 
a central mass of connective tissue with a superficial layer of epithelial cells 
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(Fig. 4). The optic nerve which innervates the organ of Vision traverses 
through the basal part of each tentacle for a short distance. Another nerve 
innervating the tentacle runs through the connective tissue of the organ. 
In the male the right tentacle also functions as an accessory genital organ 
or the penis, as the ductus ejaculatorius passes through it lying close to the 
main nerve cord. The changes induced in the tissues of the tentacle conse- 
quent upon the entrance of the parasites are essentially similar to those that 
occur in the mantle. The connective tissue produces a thick cyst around 


epi. 
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Fic. 6. Part of transverse section through an uninfected gill-filament of Vivipara bengalensis 
showing the columnar arrangement of the epithelial cells. 


cil., cilia ; epi., epithelium ; /.b., longitudinal bar. 
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the parasite with a view to safeguard itself from the harmful effects of the 
parasite. These cysts in the tentacle are as large as or larger than those 
of the mantle, and occasionally some of them have been found to contain 
two individuals as in the case of cysts of the mantle. They are also double 
in nature (Fig. 5), the thick outer cyst wall being produced by the connective 
tissue of the tentacle while the thin inner fibrous cyst wall by the parasite. 
The histological changes which take place in the tantacle seem to occur in 
the same sequence as they do in the mantle. The tissue disintegrates at 
the site of infection and the parasite produces a thin fibrous sheath around cy 
its body. The cells of the connective tissue around the invader form the ge 


Fic. 7. Part of transverse section through an infected gill-filament of Vivipara bengalensis 
showing the modifications in the epithelial cells and the damage to the transverse septa due to the for 
presence of the metacercarial cyst. the: 
cil., cilia; cy., cyst; epi., epithelium; /.b., longitudinal bar ; meta., metacercaria. the 


thick cyst wall of small thin-walled cells (Fig. 5) through proliferation. 
Fibrous tissue is also found to develop around these cysts, 
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In the right tentacle of the male individual which acts as an intromittent 
organ, certain interesting changes occur. Due to the development of the 
cysts containing the metacercarie, the ductus ejaculatorius becomes pressed 
owing to the pressure exerted by the metacercarial cysts, particularly when 
the cysts are developed against the wall of the male genital duct (Fig. 5). 
It is very likely, therefore, that the pressure exerted by the metacercarial 
cysts would interfere with the normal function of the tentacle as an accessory 
genital organ, and consequently the fertilizing power of the male specimens 
would be greatly affected. 


Likewise it has also been observed that the optic nerve innervating the 
organ of vision undergoes pressure atrophy when the metacercarial cysts 
develop against it and this may have an adverse effect upon the normal 
vision of the host. 


EFFECTS OF THE METACERCARIA UPON THE TISSUES OF THE GILL 


The gill of Vivipara bengalensis, as stated by Annandale and Sewell (1921), 
is of a pectinate type. Each gill-filament is composed of a single layer of ciliat- 
ed epithelium (Fig. 6) enclosing a narrow space, across which there are trans- 
verse septa dividing the enclosed cavity into channels for the passage of blood. 
In transverse sections, each gill-filament appears club-shaped. Longitudinal 
bars run, one on either side, through each filament just underlying the epi- 
thelium of the broad portion. The metacercarie, which probably reach 
the gill-filaments with the water current, usually find their abode in the 
broad portion of the gill-filaments (Fig. 7), where they grow and eventually 
form a protective fibrous sheath around their bodies. The transverse septa 
in the infected part of the gill-filament are broken down due to the increas- 
ing size of the metacercaria, and the gill-filaments apparently swell at the 
site of infection. No cyst wall is, however, laid by the host around the 
metacercaria and the latter lives enclosed within its own cyst wall. In 
acute infection of the gill, the cells of the epithelium at the sides of the 
metacercarial cysts lose their characteristic columnar appearance and 
become extremely irregular in outline. The nuclei may slightly migrate 
away from their usual middle position in the cells and there is a tendency 
for the development of transverse partitions within the cells (Fig. 7). It is, 
therefore, evident that the metacercarial cysts in the gill would interfere with 
the normal circulatory and respiratory functions of the organ. 


SUMMARY 


The effects of a Plagiorchid metacercaria upon certain tissues of the 
snail Vivipara bengalensis (Lamarck) have been studied. 
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In the mantle it would possibly interfere with the normal elastic func- 
tion of the organ. In the tentacle the cysts are very likely to interfere with 
the normal sensory function of the organ, the vision of the host and also 
with the fertilizing power of the male individuals. The cysts in the gill would 
possibly interfere with the usual course of the blood and also with the normal 
respiratory function of the organ. 
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CHEMICAL CONTROL OF CROTON 
SPARSIFLORUS Mor. 
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Received September 2, 1955 
(Communicated by Shri K. L. Khanna, F.A.sc.) 


I. INTRODUCTION 


Croton sparsiflorus Mor. is a perennial weed of fairly wide distribution 
covering considerable area in Indian Union right from the Punjab in the 
north to Madras in the south and Bengal and Assam in the east. In Bihar 
not only it covers the road edges and uncultivated land to the exclusion of 
others but also invades rather rapidly the adjoining fields. Records taken 
in the Darbhanga and Champaran Districts showed that over 24 acres could 
be covered in matter of three years after the observations were started.* 
It smothers Cynodon dactylon and other grasses which are used for fodder 
or grazed upon (Fig. 1). Its presence therefore definitely reduces that much 
amount of cattle food obtainable from uncultivated land, besides being 
menace to cultivated land. 


The plants are woody and hardy with fairly strong root system, so that 
they have to be dug out with a spade only. An experiment was therefore 
laid out to control this weed by the use of chemicals like Kathon M-7, 
Kathon E-40 and Fernoxone in which the active principle is 2, 4-D, and 
Phenoxylene-30 which is a sodium salt of methyl-chlor-phenoxy acetic acid 
in 1953-54. 2, 4, 5-T (2, 4, 5-tri-chlorophenoxy acetic acid) was added to 
this list in 1954-55. These two chemicals (2, 4-D and 2, 4, 5-T) have been 
found to be more or less equally effective in weed control, but on different 
plants (Klingman, 1949 and Ahigren et al., 1951). Only it has to be tried 
as to which works better on a particular weed. 


II. MATERIAL AND METHODS 


Two concentrations, medium and high, of all the four chemicals as re- 
commended by their manufacturers were applied in four replications. Thus 
there were 32 plots, each being 3’ x3’ with 1’ border all round. Chemicals 
at 100 gallons per acre of the concentrations given in Table I were sprayed . 


* Unpublished observations by the Director, 
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on the 6th August 1953, and observations were taken till the 4th week, on 
alternate days in the first week and once a week afterwards. The plants 
were in flowering stage at the time of treatment. 


III. OBSERVATIONS AND CONCLUSIONS 


In 1953-54 observations revealed that higher concentrations were much 
more effective than the lower ones in general except in the case of Fernoxone. 
Observations taken two days after spraying showed the effect of the chemical 
in C,, B,, A, and C, plots. Symptoms to appear first were general yellowing 
of leaves with drooping of tips. Withering and drying up began in the lower 
and therefore in older leaves and progressed upwards in more or less acropetal 
order. The effectiveness of the weedicides, though trasient, was in the follow- 
ing descending order: C;, B,, B,,C, and Ay. After a fortnight nearly all the: 
plants in each plot showed signs of recovery and in about a month they 
were all quite healthy and cheerful. Treatments A,, D, and D, had prac- 
tically no effect. 

, As the plants were woody and bushy, it appears that 2 or 3 sprayings 
of weedicides at higher concentrations would be needed to kill them at that 
stage. 

In 1954 the experiment was therefore repeated with higher concentra- 
tions as given in Table I on the same lines as in the previous year. Also 
there were two sprayings first on the 22nd May 1954, and second on the Sth 
June 1954, which was done only in three replications, the fourth serving as 
control. 

The higher dose of different weedicides were more effective than the 
lower ones this year also except Fernoxone, which as in the last year did not 
affect the weed at all. In the rest of the treatments, the sequence of changes 
was more or less the same as observed before. Stem was not affected by 
any of the 2, 4-D chemicals and the Phenoxylene-30, and nearly all the plants 
recovered in about a fortnight. On second treatment the usual symptoms 
appeared again but there was no death by any of the 2, 4-D chemicals and 
Phenoxylene-30. 

In the plots treated with 2, 4, 5-T, it was observed that the higher dose 
was quicker and more effective in action than the lower one. In 10 to 12 
days all the leaves along with upper half of stem dried up and were shed in 
all the plots. After the third week fresh leaves emerged from the green 
portion of the stem in 19 out of 20 and 16 out of 22 plants treated once res- 
pectively with lower and higher concentrations. The remaining plants died 
in both the treatments. In the plots having two sprayings of either con- 
centration all the plants were killed in about 20 days and no symptom of 
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FIG. 1. (a) Dense growth of Croton sparsiflorus Mot. 
(6) Single Plant 


FIG, 2. 20 days after the second spray 
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revival was visible even after a month showing thereby that the plants had 
died (Fig. 2). 


It seems the effectiveness of replacement of H by Cl at carbon atom 
No. 5 in the benzene ring comes into operation only when the chemical is 
sprayed on plants already weakened through exhaustion due to overstimula- 
tion by its first spray, thus proving its ultimate superiority over 2, 4-D so 
far as this particular weed is concerned. 

Grateful thanks of the authors are due to Sri. K. L. Khanna, Director, 


Sugarcane Research and Development, Bihar, for placing the facilities for 
work at their disposal. 


REFERENCES 
1. Ahlgren, G. H., Klingman, G.C. Principles of Weed Control. John Wiley Sons, Inc., New 
and Wolf, D. E. York, 1951. 
2. Klingman, D. L. .. “Present and future status of 2, 4, 5-T brush control 


of pastures,” Proc. 6th Annual North Central Weed 
Control Conference, p. 51. 


| 


tendent 


perin 


Printed at The Bangalore Press, Bangalore City, by C. Vasudeva Rao, Su 
and Published by The Indian Academy of Sciences, Bangalore. 


> 
ae 
: 
be 
q 
: 
a 
q 
3 
hy 
: 


SOIL FUSARIA AND THEIR PATHOGENICITY* 


By C. S. VENKATA RAM 
(University Botany Laboratory, Madras 5) 


Received September 5, 1955 
(Communicated by Professor T. S. Sadasivan, F.A.sc.) 


INTRODUCTION 


FUusARIA are a very diverse group of fungi and in any programme aimed at 
investigating diseases caused in soil by these complex organisms, it is neces- 
sary to record the occurrence of the different pathogenic forms. Recent 
work of Subramanian (1952) on ‘wilt sick’ soils from cotton fields resulted 
in the isolation of ten species comprising both saprophytes and well-known 
plant pathogens; this and the earlier investigations of Zachariah (1949) 
on cultivated fields in Southern India, aimed at understanding the ecological 
relationships and perennation of Fusarium species in soil, contributed to 
the compilation of important data on the occurrence of Fusarium species 
and their reaction to the environment in different soil types. However, 
very little has been achieved so far with regard to a clear understanding of 
the distribution of the various pathogenic forms in the cultivated soils and 
the ability of these forms to induce disease reaction in appropriate hosts. 
Ray and McLaughlin (1942) have shown that most of the soil Fusaria are 
associated with seedling disease of cotton and recently, similar results were 
obtained in the case of tomato (Varma, 1954). On the other hand, there 
have been numerous indications that even among the highly specialized 
‘wilt’ Fusaria, inhabiting various soil types, variants in form occur in which 
natural degradation of competitive parasitic ability has set in; such forms 
have been frequently isolated from the vascular system of apparently healthy 
plants (Rudolph and Harrison, 1945; Thomas and Baker, 1950; Arm- 
strong and Armstrong, 1948). Although such loss in parasitic ability in 
Fusaria has been attributed to mutation in culture media and selection from 
a mixed population (Miller, 1945), it is not known to what extent similar 
changes take place in soil. 


The present work was undertaken to study the pathogenic potential- 
ities of isolates of various Fusarium spp., obtained from season to season 


* Part of a thesis approved for the degree of Doctor of Philosophy of the University of 
Madras (1954). 
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from cultivated fields in Southern India, with reference to variation in patho- 
genicity in the different species and the part played by these in crop losses. 


MATERIALS AND METHODS 


Isolation of Fusarium species.—Eleven fields situated in the cotton 
growing tracts of Coimbatore and Tirunelveli districts in Southern India 
were selected for study and soil samples were collected from these fields at 
2-4 month intervals over a period of two years (1950 and 1951). Fusaria 
were isolated from soil by the ‘dilution plate’ technique (Brierley et al., 1927) 
and by plating out colonized root bits of cotton previously autoclaved and 
buried in soil (Subramanian, 1946). Monoconidial cultures were made of all 
the isolates and these grown on standard media recommended for studying 
the morphological characters and species determination (Wollenweber and 
Reinking, 1935). Details of morphological studies on Fusarium species 
isolated are not being included in this paper for sake of brevity. 


Pathogenicity tests—The cultures were increased on soil oatmeal medium 
and 10% of the inoculum was thoroughly mixed with autoclaved soil in 
glazed porcelain pots. After three days’ incubation in the glasshouse at 
26-29° C., seeds were sown in three replicates employing 50 seeds in all 
in each test. Observations were made up to six weeks and results on patho- 


genicity were recorded on the basis of percentage seeds that failed to emerge 
in the inoculated pots when compared to the control (pre-emergence) and 
percentage seedlings killed in post-emergence infection. The causal Fusaria 
were reisolated from the infected seeds and seedlings to adduce proof of 
pathogenicity. 


Toxigenicity tests—Culture filtrates of Fusaria obtained as suggested 
by White (1927) were taken in test-tubes at 25 and 50% concentrations and 
cut shoots of 3-4 week old plants were placed in the filtrate and incubated 
at 26-29° C. in the galsshouse. Toxicity of the filtrate was indexed as severe 
when wilting and shrivelling of shoots had considerably advanced within 
two hours, moderate when wilting had progressed appreciably within six 
hours and as slight when wilting was just noticeable after six hours. 


Unless otherwise stated, in all pathogenicity and toxigenicity experi- 
ments cotton seeds of ‘wilt’ susceptible variety Karunganni 2 (Gossypium 
arboreum) and pigeonpea seeds of variety SA. 1 (Cajanus indicus) were 
employed. The seed samples were obtained from the Director of Agricul- 
ture, Madras. 

RESULTS 

The following species of Fusarium were isolated from soil: F. avena- 

ceum (Fr.) Sacc., F. camptoceras Wr. et Rg., F. chlamydosporum Wr. et 
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Rg., F. culmorum (W.G.Sm.) Sacc., F. dimerum Penzig, F. equiseti (Cda.) 
Sacc., F. equiseti (Cda.) Sacc. v. bullatum (Sherb.) Wr., F. oxysporum Schlecht., 
F. poae (Peck) Wr., F. scirpi Lamb. et Fautr., F. semitectum Berk. et Rav., 
F. solani (Mart.) App. et Wr., F. solani (Mart.) App. et Wr. v. minus Wr., 
F. sporotrichioides Sherb., F. tricinctum (Cda.) Sacc., F. udum Butler and 


F. vasinfectum Atk. Details of their morphological characters will appear 
elsewhere. 


Of the species listed above, F. sporotrichioides and F. tricinctum are 
being recorded in India for the first time; F. camptoceras and F. dimerum 
are new records for Southern Indian soils while all the other species have 
been previously isolated from black cotton soils (Subramanian, 1952). The 
number of different fields, out of the eleven investigated, yielding various 
Fusaria in the periodical samplings and the ubiquity of different species in 
the soils, is shown in Table I. 


TABLE I 


Showing the isolation of different Fusarium species from eleven cultivated 
fields in Southern India 


Number of fields yielding different Fusaria in 
the various samplings 


Fusarium spp. 


Jan. Mar. May July Sept. Jan. May Aug. 
1950 1950 1950 1950 1950 1951 1951 1951 


F. avenaceum 
F. camptoceras 

F. chlamydosporum 
F. culmorum 

F. dimerum 

F. equiseti 

F. oxysporum 

F. poae 

scirpi 

F. semitectum 

F. solani 

F. sporotrichioides 
F. tricinctum 

F. udum 

F. vasinfectum* 


— 


COCO 

— — 

coo 
COO CO W 
or COO 


NOK CO 
AS 
Or OO 
— 
OO 


* Isolated from one field which had previous history of widespread cotton ‘wilt ’ occurrence. 
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Fusarium solani was the most ubiquitous of all the species and: was iso- 
lated from all the fields in every soil sampling (Table I). F. chlamydosporum, 


PRE-EMERGENCE (7). POST-EMERGENCE 
—C*== 60 20 60 100 


COTTON PIGEONPEA 
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PERCENTAGE INFECTION 


Text-Fic 1. Shows pathogenicity of different isolates of Fusarium solani on cotton and 
pigeonpea. 


} 
t 
r 
t 
V 
389 342 g 
0208 
057 407 
2 is 
WR62 WR6 ti 
i 
265 265 i 
t 
270 270 I 
a 
DIOS DIOS f 
WR 3 WR 3 . c 
Pp 
a 
100 60 60 100 


F. culmorum, F. equiseti and F. oxysporum were frequently isolated from many 
of the fields and their occurrence in soil seemed to be fairly common. In 
contradistinction, F. camptoceras, F. dimerum, F. scirpi, F. sporotrichioides 
and F. tricinctum were isolated only at random and these species do not seem 
to be widely distributed in Southern Indian soils. The cotton ‘wilt’ patho- 
gen, F. vasinfectum, was isolated from only one field (‘wilt sick’ field) but 
occurred in all the samplings. , 


Pathogenicity of Fusarium species.—Text-Fig. 1 shows the pathogenicity 
of different isolates of Fusarium solani on cotton and pigeonpea. While 
more than seventy-five different isolates were investigated, the results of patho- 
genicity of seventeen isolates on cotton and pigeonpea have been presented 
to illustrate the point being made. These isolates comprised both virulent 
and avirulent cultures as well as non-pathogenic strains in their ability to 
infect cotton and pigeonpea. Isolate 336 and 357 werecomparatively non- 
virulent as when compared to 320 and D 208, the latter of which produced 
82 and 100 per cent. pre- and post-emergence infection, respectively. A 
number of transitional forms were observed intermediary between the 
pathogenic and non-pathogenic cultures. In general, F. solani cultures were 
more virulent on cotton than on pigeonpea, and on cotton typical symptoms 
of leaf chlorosis were observed in early infection (Plate IX, Fig. 1). 


Pathogenicity of Fusarium culmorum and F. oxysporum on cotton 
is shown in Text-Fig. 2. Seventeen isolates of F. culmorum were found 
to vary considerably in their virulence in causing pre- and post-emergence 
infection. The majority of the isolates, however, were capable of causing 
high pre-emergence (50-80%), whilst only four cultures were pathogenic 
on the seedlings to any appreciable extent. In contrast to this, F. oxysporum 
behaved differently. Practically all the isolates of this species caused mode- 
rately high post-emergence infection and very little pre-emergence (Text- 
Fig. 2); only a few isolates were capable of pre-emergence infection to an 
appreciable extent. Isolates of F. oxysporum ranged from weakly pathogenic 
forms to moderately virulent cultures. 


On pigeonpea (Text-Fig. 3) also, F. culmorum and F. oxysporum isolates 
varied considerably in their virulence and, whereas F. culmorum cultures 
caused pre-emergence infection mainly, F. oxysporum strains produced both 
pre- and post-emergence disease to an appreciable extent. Leaf chlorosis 
attended on early symptoms of infection in piegeonpea caused by F. culmorum 
(Plate IX, Fig. 2). 


Fusarium vasinfectum and F. udum, the causal agents of cotton and 
pigeonpea wilts, respectively, were isolated from fields under cotton and 


Soil Fusaria and Their Pathogenicity 133 


a 
iu 
SO- 
im 
> 
ICE 
nm and 


134 C. S. VENKATA RAM 
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60 100 
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Text-Fic. 2. Shows pathogenicity{of F.{culmorumJand]F. oxysporum on cotton. 


pigeonpea cultivation. Cultures of these two pathogens were very virulent 
on thier natural hosts causing from 50-100% wilting of seedlings (Text-Fig. 4). 
Most of the isolates, however, produced low incidence pre-emergence wilt. 


D43 
189 
D206 
10 19 
D300 
360 122 
D78 

513 

iS 

I 

72 

. 
i 
42 t 
5 287 
432 290 


100 


4), 


Soil Fusaria and Their Pathogenicity 135 


pre-emergence 
go 40 


F. culmoryum 


post-emergence 


Foxysporum - 
8 


WRI 


101 


204 


60 20 20 60 
PERCENTAGE INFECTION 


TexT-Fic. 3. Shows pathogenicity of F. culmorum and F. oxysporum on pigeonpea. 


In cross-inoculation studies it was observed that isolates of F. vasinfectum 
were capable of producing high wilt incidence in pigeonpea and conversely 
F. udum_ cultures caused high pre- and post-emergence infection in cotton 
(Text-Fig. 4). 


Pathogenicity tests on thirteen isolates of F. equiseti revealed the follow- 
ing: While most of the cultures were capable of producing pre-emergence 
infection in cotton to some extent, incidence of post-emergence caused by 
these isolates was almost negligible (Text-Fig. 5). None of the F. equiseti 
strains was pathogenic on pigeonpea. 


The other Fusaria isolated, F. chlamydosporum, F. camptoceras, F. poae, 
F. scirpi, F. semitectum, F. sporotrichioides and F. tricinctum were non-patho- 
genic on cotton and pigeonpea and therefore the results of pathogenicity 
trials of these species are being omitted here. 


Pathogenicity on different host species——Twenty cultures comprising 
six species of Fusarium were investigated for their pathogenicity on three 
varieties of cotton, Karunganni 2 and N. 14 (Gossypium arboreum) and H. 1 
(G. herbaceum). Results (Table II) showed that isolates of Fusaria mani- 
fest pathogenicity in varying degrees on different host variety. Two isolates 
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pre-emergence post-emergence 
100 60 


Eudum on cotton Fvasinfectum on pigeonpea 
D207 t DI20 
271 
D6! WR 50 

249 


306 


ON Pigeonpea on cotton 
303 WR5O 


WR 6 249 


271 


396 
312 
D207 


100 20 20 
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Fext-Fic. 4. Shows pathogenicity of F. udum and F. vasinfectum on cotton and pigeonpea 
in cross-inoculation studies. 


of F. vasinfectum, WR 45 and WR 50, though causing high post-emergence 
infection in the two varieties of Gossypium arboreum (K. 2 and N. 14), pro- 
duced very little disease incidence in the variety H. 1 (G. herbaceum). Even 
in the same host species (G. arboreum) considerable diversity was noticed in 
infection caused by different isolates of the same species of Fusarium in the 
two varieties K. 2 and N. 14. 


Mixed infection by Fusarium species.—Pathogenicity of different species 
and isolates of Fusarium employed in combination was investigated using 
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TABLE II 


O Showing pathogenic.ty of Fusarium species on three varieties of cotton 
, Percentage pre- and post-emergence infection 
on different varieties 
Fusarium spp. Isolate 
; No. Karunganni 2 Hagari | Nandyal 14 
7 (K. 2) (H. 1) (N. 14) 
pre- post- pre- post- pre- post- 
F. solani : 10 9 0 17 14 9 
WR 2 34 36 0 18 12 8 
WR 3 16 12 4 14 36 5 
234 10 9 0 e% 10 2 
| 235 18 0 10 5 12 12 
236 12 15 4 15 0 10 
237 16 6 0 9 as 10 
239 15 12 2 25 48 0 
241 16 3 8 22 24 12 
242 16 8 0 21 6 4 
F. oxysporum .. WRII1 50 25 6 52 50 36 | 
F. poae .. 240 20 0 0 15 4 4 
| F. equiseti v. WR 74 12 10 0 30 4 25 
bullatum 
OO F. udum .. WR6 16 4 0 x 6 12 
WRI 30 40 10 30 21 20 
pea F.culmorum _.. 231 26 12 2 10 10 0 
232° 24 0 0 10 0 0 
F. vasinfectum .. WR 45 20 76 4 8 28 54 
nce WR 50 18 60 a 12 24 54 
ro- 
—_ cotton and pigeonpea as test plants and the results are presented in 
oe Table III. 
In certain cases the resulting mixed infection was higher than the strongest 
single infection as seen when F. solani (WR 63) and F. equiseti v. bullatum 
cies (WR 74) were mixed, the resulting infection being higher than the infection 
sing produced by either of the isolates singly. Similar results were obtained 


when two isolates of F. solani, WR 1 and WR 3, were combined, the resulting 
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TABLE III 
Showing mixed infection by Fusarium species 


Isolates 


Pathogenicity 


on 


Percentage infection 


pre-emergence post-emergence 


F. udum 


F. udum 
F. solani 


F. solani 


F. solani 
F. solani 
F. solani 
F. solani 
F. solani 
F. culmorum 
F. solani 
F. culmorum 


F. oxysporum 


F. oxysporum 


F. equiseti v. bullatum 


F. equiseti v. bullatum 


pigeonpea 
WR6_.. _=—pigeonpea 
135 


WR 63... cotton 
WR 74 .. cotton 
WR 63 


WR 74 .. cotton 


WR2_... 
WR 2 
357 .. cotton 
360 cotton 
357 


cotton 


28 
12 


28 
16 
12 


Sas 


12 
76 


10 
18 
10 


32 
14 
18 


100 
16 
8 


10 


TABLE IV 


Showing the relationship between pathogenicity of Fusaria in soil and the 
toxicity of their filtrates to cut shoots 


Fusarium spp. 


Pathogenicity in soil 


Toxicity 


Host species 


pre-emergence 


post-emergence 


culture 


filtrate 


F. solani 

F. culmorum 
F. udum 

F. chlamydosporum 
F. udum 

F. udum 

F. solani 

F. equiseti 

F. vasinfectum 

F. vasinfectum 

F. vasinfectum 

F. solani 

F. culmorum 

F. solani 

F. oxysporum 

F. oxysporum 


239 
D 206 
D 207 


pigeonpea 
cotton 
pigeonpea 
pigeonpea 
pigeonpea 
pigeonpea 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
cotton 
pigeonpea 
cotton 
pigeonpea 


7 
84 


3 
100 
75 
0 
80 
76 
6 
14 
84 
66 
72 
0 
78 
51 
40 
22 


severe 
severe 
severe 
moderate 
severe 
severe 
moderate 
moderate 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
moderatt 


46 
25 
55 
313 8 
12 
340 22 
m9 14 
299 28 
D120... 
395 
D 73 76 
292 at 0 
287 12 


yxicity 
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evere 
evere 
evere 
noderate 
evere 
evere 
noderatt 
noderate 
evere 
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evere 
severe 
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TExT-Fic. 5. Shows pathogenicity of F. equiseti isolates on cotton. 


infection being 100% post-emergence, whereas singly they produced only 
14 and 18% disease incidence, respectively (Table III). In certain other 
.nstances, mixed infection was less severe than the strongest single infection. 
Disease incidence resulting by mixing F. udum (WR 6) and F. oxysporum 
(135) was equal to that produced by F. oxysporum singly and less than the 
infection produced by F. udum. 


Toxigenicity tests——Culture filtrates of Fusaria were tested for their 
reaction on cut shoots of cotton and pigeonpea with a view to comparing 
the toxicity of the culture filtrates with the pathogenicity of the isolates in 
soil. Results (Table IV) showed that pathogenicity of an isolate in soil and 
toxicity of its culture filtrate to cut shoots either bore a direct relationship 
as in the case of three isolates of F. vasinfectum (249, 299 and D 120) and 
F. culmorum (D 73) on cotton or they were inversely related as in two cultures 
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of F. solani, isolate 292 on pigeonpea and 395 on cotton. Ability to produce 
toxins in culture media and pathogenic capability of an isolate in soil seem 
to be entirely independent reactions of the pathogen to the varying environ- 
ment in which it is placed. These results are in agreement with the earlier 
findings of Gaumann ef al. (1950). 


DISCUSSION 


The present work on the Fusarium disease problem in Southern India 
was carried out with a view to investigating the part played by different spe- 
cies in causing disease reaction in two of the important crop plants, cotton 
and pigeonpea. 


Host specificity and physiologic specialization has advanced consider- 
ably in the genus Fusarium. In many of the vascular Fusaria, such as F. lini, 
F. lycopersici and F. vasinfectum, specialized strains of the parasite possess- 
ing different pathogenic capabilities have been known to exist (Broadfoot, 
1926; Fahmy, 1927; White, 1927; Tochinai and Takee, 1950). In the case 
of the vascular Fusaria of stock, cabbage and radish, Snyder (1949) found 
a highly selective host specificity. While this may be true in certain cases, 
results obtained here show that many of the soil Fusaria, including the vas- 
cular ‘wilt’ pathogens, are nonspecific to the host. 


Of the fourteen species isolated from Southern Indian soils, F. avena- 
ceum, F. camptoceras, F. chlamydosporum, F. dimerum, F. poae, F. scirpi, 
F. semitectum, F. sporotrichioides and F. tricinctum were non-pathogenic on 
both cotton and pigeonpea. Fusarium solani, F. culmorum and F. oxysporum 
were pathogenic on both cotton and pigeonpea and the isolates of these three 
species comprised many virulent strains (Text-Figs. 1-3). Even in the case 
of the vascular Fusaria, F. vasinfectum and F. udum, the causal agents of 
cotton and pigeonpea wilt respectively, it was observed that these two patho- 
gens could infect both cotton and pigeonpea. Cross-inoculation of F. udum 
on cotton and F. vasinfectum on pigeonpea resulted in high disease incidence 
in the case of some isolates (Text-Fig. 4). While it was difficult to indicate 
host specificity in these isolates, two other cultures of F. udum (D 207 and 
306) did show host selectivity inasmuch as these two isolates produced appre- 
ciably higher infection in their natural host, pigeonpea, than on cotton (Text- 
Fig. 4). The point being made is that even in the highly specialized ‘wilt’ 
parasites such as F. udum and F. vasinfectum, certain strains occur which 
transgress the limits of host specificity, much in the same manner as variants 
occur in ‘wilt’ Fusaria in which natural degradation of competitive para- 
sitic ability has set in as reported by Rudolph and Harrison (1945) and Thomas 
and Baker (1950). It may be mentioned here that the in vitro toxins of most 
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of the Fusaria are non-specific to the host (Gaumann, 1951), being somewhat 
analogous to the non-specificity to the host in pathogenicity in soil seen in 
many Fusarium isolates (Text-Figs. 1-4). 


The other point of importance emerging out of these studies is that spe- 
cies of Fusarium occurring in soils manifest considerable variability in their 
pathogenicty. From the highly virulent cultures to the non-pathogenic 
isolates a number of transitional forms were observed in F. culmorum, 
F. solani and F. oxysporum (Text-Figs. 1-3). These results have a practical 
bearing on the recent nomenclature of the genus Fusarium proposed by Snyder 
and Hansen (1940, 1941, 1945). These authors have contended that Fusarium 
isolates manifest tremendous variability in their growth and morphological 
characters when cultivated on artificial media and, therefore, species deter- 
mination based on such morphological characters, as proposed by Wollen- 
weber and Reinking (1935), tended to be erroneous in certain cases. Instead, 
Snyder and Hansen proposed the resolution of all the Fusaria into nine spe- 
cies which could be broadly differentiated on morphological characters, 
each of these species comprising different pathogenic forms, pathogens being 
designated by a forma name to indicate host specificity. It may be mentioned, 
however, that Fusaria occur in nature in a multiplicity of pathogenic forms 
(Text-Figs. 1-4), just as they occur in a multiplicity of morphological forms 
as observed by Subramanian (1951). The present results show that in many 
isolates of F. solani, F. oxysporum, F. culmorum, and even in the specialized 
‘wilt’? pathogens F. udum and F. vasinfectum, it is difficult to draw a line of 
demarcation to indicate host specificity; these species were pathogenic on 
both cotton and pigeonpea (Text-Figs. 1-4) and they probably have a much 
wider host range. F. culmorum manifested a number of transitional forms 
intermediary between the highly virulent and avirulent cultures which posed 
the question as to where to draw a line to indicate pathogenicity. Indeed, 
variation in pathogenicity within a species of Fusarium may far exceed varia- 
tion in morphological characters. Although numerous reports have appeared 
on the cultural variation and variability in the genus Fusarium (cited by Venkata 
Ram, 1955), very little work has been done so far on the occurrence of 
different pathogenic variants in soil; the present work shows the extensive 
variability in pathogenicity in soil Fusaria. ° 


In conclusion it may be stated that the Fusarium disease problem in 
cotton in Southern India is not limited by the distribution of Fusarium vasin- 
fectum, the cotton ‘wilt’ pathogen, which was isolated from a ‘wilt’ infected 
field only (Table I). Other species, F. culmorum, F. oxysporum and F. solani, 
are capable of causing disease reaction and loss in yield. The ubiquity of 
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these species in Southern Indian soils (Table I) and the synergistic action of 
the isolates of either the same or different species, resulting in appreciable 
increase in pathogenicity (Table III), emphasizes the importance of consi- 
dering these factors in devising practical means of disease control. 


SUMMARY 


Eleven fields situated in the cotton growing tracts of Coimbatore and 
Tirunelveli districts in Southern India were investigated for the occurrence 
of Fusaria with reference to the variability in the pathogenic manifestation 
of the different species inhabiting these soil types. 


F. chlamydosporum, F. culmorum, F. oxysporum and F. solani were the 
most commonly occurring species out of the fourteen species isolated from 
the soil. F. camptoceras, F. dimerum, F. sporotrichioides and F. tricinctum 
were recorded for the first time in Southern Indian soils, of these F. sporo- 
trichioides and F. tricinctum are new records for India. 


F. avenaceum, F. camptoceras, F. chlamydosporum, F. dimerum, F. poae, 
F. scirpi, F. semitectum, F. sporotrichioides and F. tricinctum were non-patho- 
genic on cotton and pigeonpea, whilst F. culmorum, F. oxysporum and F. solani 
comprised pathogenic and non-pathogenic strains; a number Of transitional 
forms were observed between the virulent and avirulent isolates pathogenic 
on cotton and pigeonpea, indicating that Fusaria occur in soils in a multi- 
plicity of pathogenic forms. In certain strains of the highly specialized 
‘wilt’ Fusaria, F. udum and F. vasinfectum, host selectivity was observed, 
whereas many other isolates were non-specific to the host. The significance 
of these results in the taxonomy of Fusaria is discussed. 


Many of the isolates were capable of causing disease reaction in the host 
when present in soil either individually or in combination; mixing two iso- 
lates resulted either in synergism and augmentation in pathogenicity or in 
antagonism and decrease in infection. 
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EXPLANATION OF PLATE IX 


Fics. 1 and 2. Shows symptoms of Fusarium infection ; Fig. 1. Photographs of cotton seedlings 
infected with F. solani showing leaf chlorosis; Fig. 2. Leaf 
chlorosis in pigeonpea seedlings infected with F. culmorum, 
Approximately 4 nat. size. 
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SOIL CONDITIONS AND ROOT DISEASES 
XIV. Host-Parasite Response to Fusarium Wiit* 


By R. KALYANASUNDARAM 
(University Botany Laboratory, Madras 5) 


Received September 5, 1955 
(Communicated by Professor T. S. Sadasivan, F.A.sc.) 


INTRODUCTION 


Most plant wilt toxins are non-specific to a wide variety of host plants against 
which the pathogens themselves show specificity (Gdumann, 1951). The 
present study was undertaken to know the effect of toxins derived from the 
fungus Fusarium vasinfectum Atk., on many host plants and also to understand 
the nature of disease resistance in the resistant varieties of cotton. 


MATERIALS AND. METHODS 


Toxins used.—Culture of F. vasinfectum was grown in Richard’s 
medium at room temperature (28-30° C.) for 28 days. After this period the 
culture filtrate was dialysed (Kalyanasundaram and Lakshminarayanan, 
1953) and was used as the source of toxins. 


Cotton varieties used.—Resistant: Cambodia 2 and Madras Uganda 
(Gossypium hirsutum), Susceptible: Karunganni 2 and Malvi 9 (Gossypium 
arboreum). 


Artificial infection —Both resistant and susceptible varieties of cotton 
were grown in sterilised soil contained in earthenware pots inoculated with 


the pathogen as outlined before (Kalyanasundaram, 1954). Uninoculated 
pots served as control. 


Chemical analyses of host tissue-——Ascorbic acid, total carbohydrates 
and free reducing sugars were estimated both ‘per gram’ basis and ‘ per 
plant’ basis at intervals of five days upto the 40th day after germination. 


Ascorbic acid was estimated as already detailed (Kalyanasundaram, 
1952). For estimation of total carbohydrates and free reducing sugars, 
samples were prepared as outlined by Dunlap (1930). The method of Hage- 
dorn and Jensen (1923) was used to estimate sugars in these samples. Acid 
hydrolysable carbohydrates and reducing sugars have been expressed as 


* Part of a thesis approved for the Degree of Doctor of Philosophy of the University of 
Madras, 1953. 
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percentage dextrose of residual dry weight (Mason and Maskell, 1924). 
Results of only one resistant and one susceptible variety have been presented 
for the sake of brevity. 


EXPERIMENTAL 


Experiments with toxins of F. vasinfectum.—The effect of toxins of 
F. vasinfectum on cut shoots of susceptible and resistant varieties of 
cotton plants are presented in Table I. 


TABLE I 


Showing the effect of different concentrations of dialysed culture 
filtrate of F. vasinfectum on cut shoots of susceptible cotton 
(K 2), resistant cotton (CO 2) and red gram 


Time after 100% 50% 25% 5% 
being kept 
in the toxin K2 CO2 red K2 CO2 red K2 CO2 red K2 CO2 

in hours gram gram gram 


24 
36 
48 


72 XXX XXX XXXX XX XXX KX x 


XXX XXXX XXXX XXX XXX XXX 


x Early symptoms. xxx Advanced symptom. 
xx Fairly advanced symptom. xxxx Wilted. 

Using the dialysed culture filtrate of F. vasinfectum, it was possible 
to produce the symptoms of stem necrosis and ‘ vein-clearing’ analogous 
to that obtained with pure fusaric acid (Plate X, Figs. 1, 2 and 3). It will 
be seen that the naturally resistant variety under field conditions was more 
susceptible to the toxins than the field susceptible variety. 


On cut shoots of red gram (Cajanus cajan) toxins of F. vasinfectum 
caused considerable damage (Table I). It is evident that at higher con- 
centrations stem necrosis occurred (Plate X, Fig. 4) while at lower concentra- 
tions there was typical ‘ vein-clearing’ and necrosis of interveinal tissues 
(Plate X, Fig. 5). 
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Experiments on host metabolism.—Results of ascorbic acid, carbo- 
hydrates and free reducing sugar contents of cotton varieties infected by 
F. vasinfectum are presented in Text-Figs. 1 and 2 and Table II. 


o——o Uninfected K2 
e——-e infected K2 
Uninfected CO a ry 
infected CO a———4 


PERCENT CARBOHYDRATE 
N 


/ 
= / \ 
\ 
“og? 
n * 
< 
a 
5 10 15 20 25 30 35 40 


AGE IN DAYS 


Text-Fic. 1. Showing the ascorbic acid and the carbohydrate content of leaf tissue of 
resistant [Cambodia (CO 2)] and susceptible [Karunganni (K 2)] varieties of cotton following 
F. vasinfectum infection. 


7 | 
\ 
| 4 
_---- 
| 
. 
NA 
CO2 | 
ee 8 4 
ee ; 
| 
° 


148 R. KALYANASUNDARAM 


Karunganni. 2 Cambodia.2 


UNINFECTED INFECTED 


m 
mg 


O5 


mg-carbohydrate 


3 9 is 9 
Text-Fic. 2. Showing the absolute amounts of carbohydrate, ascorbic acid and reducing 


sugars in resistant (Cambodia 2) and susceptible (Karunganni 2) varieties of cotton infected and 
uninfected by F. vasinfectum. 


Ascorbic acid—Synthesis of ascorbic acid ‘per gram’ of leaf tissue 
was lower in plants that have received a fungal inoculum in the soil, when 
compared with plants in the uninoculated soil, irrespective of the appearance 
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TABLE II 


Showing the percentage reducing sugar in the leaf tissue of a resistant and 
a susceptible variety of cotton grown in inoculated (artificially with 
F. vasinfectum) and uninoculated soils 
(Result expressed as % residual dry weight) 


Karunganni 2 Cambodia 2 
Age in 
days Uninfected Infected Uninfected Infected 
5 2-55+0-25 3-13+0-21 2-18+0-16 2-7140°14 
10 1-58+0-17 2-09-+0-17 1-86 +0-14 2-13+0-61 
15 2-16+0-42 2-01+0-10 2°38+0-13 2°75+0-77 
20 2-51+0-10 2-14+0-10 2°64+0°15 2:27+0°81 
25 2-52+0-11 2-10+0-07 3-09+0-14 2:06+9-10 
30 2-62+40-13 3-66+0-14 4-30+0-26 3-14+0-11 
35 2°40+0-11 3-50+0-15 4-25+0-34 2-80+0-26 
40 2:90+0-01 3-90+0-02 4-40+0-11 3-00+0-11 


of the disease or their belonging to the susceptible or resistant varieties (Text- 
Fig. 1). However, the resistant varieties had significantly more ascorbic 
acid than the susceptible varieties on comparing those of the uninoculated 
series (Text-Fig. 2). 


Carbohydrates.—The percentage carbohydrate contents of all the four 
varieties growing in the inoculated soil was lower than those in the uninocu- 
lated, irrespective of the appearance of the disease or their belonging to 
susceptible or resistant varieties (Text-Fig. 1). However, the resistant varie- 
ties had more carbohydrate than the susceptible varieties on comparing 
those growing in the uninoculated soil (Text-Fig. 2). 


Reducing sugars.—Unlike ascorbic acid and carbohydrates, percentage 
reducing sugars in the tissues of the leaves of susceptible plants in the in- 
fected soil increased after the 25th day whereas in the resistant varieties there 
was a decrease after the 20th day (Table II), when compared with their res- 
pective controls. However, the total reducing sugars in the shoots of re- 
sistant plants was higher than that of susceptible plants irrespective of growing 
in infected or uninfected soil (Text-Fig. 2). 
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The results of plating roots indicated that all the varieties showed in- 
fection by the pathogen F. vasinfectum on the 10thday. However, only the 
susceptible varieties developed disease symptoms (Table III). 


TABLE III 


Showing the percentage of plants, showing the causal organism 
within their roots and also the disease (wilt index) in the four 
varieties of cotton artificially infected by F. vasinfectum 


Age in 
Days 


Karunganni Malvi 9 Cambodia Madras Uganda 


% plants Wilt %plants Wilt %plants Wilt % plants Wilt 
infected index infected index infected index infected index 


0-0 40 0-0 

33 1-5 75 7:5 70 70 
36 4-0 50 13-5 24 ri 25 
46 6-5 54 27-0 34 . 10 
60 23-5 52 39-0 aa 20 
60 32-0 60 46-0 41 ma 30 
48 38-0 51 50-0 25 “ 27 
29 54-0 46 62-0 37 Bs 28 


Two salient points emerge from the results of this experiment. There 
was a derangement of ascorbic acid and carbohydrate metabolisms in the 
leaves of all the varieties growing in the infected soil, irrespective of the 
variety or their developing the disease. The absolute quantities of ascorbic 
acid, carbohydrates and reducing sugars ‘per plant’ were significantly 
higher in the resistant than in the susceptible varieties. 


DISCUSSION 


Susceptible cotton plants (Gossypium arboreum) infected by F. vasin- 
fectum produce characteristic symptoms of ‘ vein-clearing’ on the leaves 
and necrosis of the stems and petioles (Kalyanasundaram, 1954). In the 
present work, using dialysed culture filtrate of this pathogen it was possible 
to produce similar symptoms on cut shoots of different host plants. It has 
since been established that this symptom picture is caused by fusaric acid, 
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one of the phytotoxins produced in vitro by this pathogen (Gaéumann, 
Naef-Roth and Kobel, 1952). The resistant varieties (G. hirsutum) in 
spite of being infected by this pathogen do not manifest the visual disease 
symptoms (Table III). Nevertheless, the toxins of this pathogen cause more 
damage to cut shoots of these resistant hosts than on the susceptible (Table I). 
It is of importance to note that the toxins of F. vasinfectum damage cut shoots 
of red gram plants (Table I), though the fungus by itself is unable to infect 
them. It is obvious from these results that there is no specificity of toxin 
action despite the fact that there is specificity of host infected by this fungus. 


A study of the host metabolism of resistant and susceptible cotton plants 
infected by F. vasinfectum indicated derangement of ascorbic acid, carbo- 
hydrates and reducing sugar metabolisms. Both resistant and susceptible 
plants when infected, showed marked decrease in ascorbic acid and carbo- 
hydrate syntheses as against their respective controls (Text-Fig. 1). While 
in the susceptible plants infection is followed by deranged host metabolism 
culminating in the disease itself, in the resistant plants, infection is followed 
by a parallel derangement of host metabolism, there being no disease pro- 
duction. In the synthesis of dextrose, which is the primary energy-yielding 
product, there is no parallelism in the behaviour between infected plants 
of the susceptible and resistant varieties (Table I!) there being a marked in- 
crease in the reducing sugar content in the susceptible infected plants as 
against a decrease in the resistant infected plants. 


Although there is an apparent similarity in the derangement of ascorbic 
acid and carbohydrate contents of resistant and susceptible infected plants 
(Text-Fig. 1), a comparison of healthy plants of the resistant and susceptible 
varieties as far as these above functions are concerned; clearly demonstrates 
that the absolute amounts of energy-giving substances, viz., ascorbic acid, 
carbohydrate and dextrose are always higher in the former varieties (Text- 
Fig. 2). 


Since the completion of this work, the author has noticed the very recent 
findings of Gothoskar, Scheffer, Stahman and Walker (1955), who have 
postulated that resistance in tomato plants to Fusarium wilt, is due to a very 
labile substance continuously formed at the expense of energy obtained from 
respiratory process which prevents the spread of the pathogen inside the 
vascular system. There is every reason to believe that resistance in cotton 
plants to the disease caused by F. vasinfectum may also be a case of meta- 
bolic resistance as hypothesised by Gothoskar et al. (1955). The energy- 
liberating substances like dextrose and carbohydrates as well as ascorbic 
acid which is involved in the oxidation-reduction system of plants are formed 
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in the resistant varieties of cotton to a greater extent than in the susceptible 
plants (Text-Fig. 2). It is clear from the present work that even in the resist- 
ant plants, once they are infected by the pathogen, there is a marked decrease 
in the reserve food materials indicating an increased utilization of these 
substances. By virtue of the higher reserve of carbohydrates and ascorbic 
acid, the resistant cotton plants, despite infection, are in a better position 
to prevent the generalisation of the pathogen inside the host, probably by 
forming a toxic substance at the expense of these energy-giving substances 
present in the host tissues. A study of the enzymatic ractions of these in- 
fected resistant plants may well indicate the modus operandi behind this 
altered metabolism responsible for inhibiting the growth of the pathogen 
and consequent development of the wilt. ; 


SUMMARY 


The toxin of F. vasinfectum, fusaric acid, has no host specificity despite 
the fact that there is specificity of hosts infected by this pathogen. 


Resistant cotton plants (Gossypium hirsutum), in spite of being infected 
by F. vasinfectum do not manifest visual symptoms. A study of their meta- 
bolism clearly indicates that resistance is due to the higher reserve of carbo- 
hydrates and ascorbic acid over the susceptible plants. It is likely that 


these energy-yielding substances are favourably utilised in the resistant 


plants for the formation of a labile toxic substance which inhibits the pathogen 
inside the vascular system. 
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EXPLANATION OF PLATE X 


Fic. 1. Vein clearing in tomato leaf caused by fusaric acid. 

Fic. 2. Veinal necrosis in cotton leaves caused by fusaric acid compared with the control (2 a). 
Fic. 3. Necrosis of the stem and petiole of cut shoots of cotton caused by fusaric acid. 

Fic. 4. 


Necrosis of the petiole of cut shoots of red gram caused by the dialysed culture filtrate 
of F. vasinfectum, on the left is the control. 


Fic. 5. Vein clearing in red gram leaf caused by dialysed culture filtrate of F. vasinfectum. 
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INTERRELATIONSHIP and relative importance of three etiological factors, 
heredity, hormones and milk borne tumor agent in inducing mammary 
carcinoma in mice has been a problem under investigation at these labora- 
tories for the last many years. During the experimental studies on intact 
foster-nursed mice, in the year 1947 (Khanolkar and Ranadive®) a consistent 
alteration in the length of the sex-cycle and duration of estrus was noticed 
in many foster-nursed mice. This observation invited further careful 
investigation of hormonal metabolism in the foster-nursed animals. Taylor 
and Waltman® and Fekete? have reported observations on the serial section 
of ovaries of cancer-susceptible and cancer-resistant strains at different age 
periods, and have interpreted the variation in the number of corpora lutea 
in the ovaries of two strains as due to differences in hormonal stimulation. 
With these findings in view a group of foster-nursed mice of three strains 
C;H, C;7 (Bl) and A (Strong’s) were investigated for maturation of ovaries. 
Significant alteration in the number of corpora lutea after foster-nursing 
indicated influence of milk on the hormonal metabolism (Ranadive’). 


To confirm the significance of such observations by way of a simple 
investigation suggested by Bittner, it was planned to undertake a comparative 
study of hormonal pattern in two lines of cancer-susceptible strain; one 
possessing the milk borne tumor agent and the other devoid of the same. 
Both the lines being of the same genetic constitution the differences in the 
hormonal system, if any, could possibly be attributed to the influence of the 
only variable—the milk borne tumor agent. 


MATERIAL AND METHOD 


Strain dba, with reported spontaneous breast tumor incidence of 55% 
in both breeders and virgins were selected for the study. The two lines 
of dba, one possessing the milk borne tumor agent and the other free of the 
tumor agent were imported from U.S.A. in the year 1951. The milk factor 
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free line has been originally raised from the dba (Bar) litter removed by 
operative measure from the uterus of the pregnant mother before delivery 
and foster-nursed on the resistant strain C;; (Bl). The line has been recently 
tested for the milk factor by Howatson’s method‘ and confirmed to be free 
of the milk borne tumor agent. The two inbred lines of dba are at present 
in their 3rd and 4th generations since their arrival in India. For the com- 
parative study of hormonal pattern and mammary glands in these two lines 
young virgins were sacrificed at the age of 3 to 4 months and 7 to 8 months. 
The 7 to 8 month age group was considered as the main experimental group. 
Available groups of old virgins and breeders between 12 to 14 months were 
also included in this study. 


Besides these two new lines of dba imported four years back one other 
line of dba is maintained at the animal colony of the Indian Cancer Research 
Centre the breeding stock of which was imported from Bar Harbor in the 
year 1940. This line of dba in its 23rd-24th generation is now maintained 
as dba (Old) as against dba (New) and dba(—MTI) imported in 1951. The 
dba (Old) line was first described in 1945 (Ranadive’) and the mammary 
morphology of virgins differed considerably from the reports of other labo- 
ratories (Fekete,? Taylor and Waltman’). Spontaneous mammary tumor 
has never been encountered in this line during the last eleven years of in- 
breeding. A group of 7 to 8 month old virgins of dba (Old) is included in 
the present study as an additional interest. 


All the females were sacrificed during estrus. Total mounts of mammary 
glands fixed in 10% formalin were prepared according to the technique de- 
scribed by Gardner ef al.* and Ranadive.? The ovaries and adrenals were 
weighed in saline on E. Mettler Macro balance and fixed in Telly’s fixative. 
The serial sections were stained with Harris hematoxylin, eosin and studied 
with the method described by Taylor and Waltman® and Fekete.2 The 
breast pattern followed the classification of Khanolkar and Ranadive.® 


EXPERIMENTAL FINDINGS 
Tables I and II are self-explanatory. 
Age group between 3 to 4 months 


The ovaries and adrenals in dba(—MTI) were heavier than those of 
dba (New) line with the milk factor. However, the number of corpora lutea 
in the ovaries of dba (New) was about three times more than that of 
dba(—MTI) (6-41 against 2-1 respectively) indicating better hormonal 
stimulation in the line with the milk factor. There was hardly any difference 
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TABLE I 


Hormonal Pattern in Strain dba (Ovaries) 


Average 
. Strain No. of AgeGroup Body Average Weight Average Breas 

Females in Months Weight of Ovaries No. of Patte 
in gm. in mgm. Corpora Lutea 


Dba (New) 18-3 3-12 40-39 6-41 +0-25 
Dba(—MTI) .. 6 3 to4 23-1 7°35 +0-:25 2-1 +0°1 aA 


Dba (New) 


27-10 9-035+0-035 7-165+0-515 aC 
Dba(—MTI) .. 21 7 to8 30-4 11-8 40-2 5-4 aA 
Dba (Old) 


20-12) =5+325+0-12 2-35 +0-05 


Virgin 


Dba (New) 
Dba (—MTI) 
Breeder 


12 to 14 27-0 


25-7 


5:76 8-7 


8-57540°93 6:5 +0°5 BA 


12 to 14 


Dba (New) a 8 12 to 14 27-1 5-80 +1-28 9-7 +0°5 BC 


Dba(—MTI) .. 7 12 to 14 «9-00 +1°3 6-55 40-25 BA 


Ductal Pattern _ Acinar Grouping 
a = Slender ducts, few side branches A = Acini absent (Khanolkar 
B = Thin ducts with profuse side branches C’= Focal Acinar Clusters , and 
y = Dilated ducts and short blunt off shoots C= a ga of small and big acinar Ranadive)’ 
cluster 


in the mammary architecture. The ducts were slender and without con- 
spicuous acinar buds. The adrenals presented more or less similar picture 
in both the lines except little more conspicuous X-zone in the dba (New). 
In the majority of dba (— MTI) 5/6 X-zone showed signs of early degeneration. 
Age group between 7 to 8 months 

The ovaries of dba(New) presented 7-1 as the average number of 
corpora lutea while that of dba (—MTI) had only 5-4. The average number 
of corpora lutea in dba (Old) at this age was conspicuously small being only 
2-35 (Figs. 1, 2, 3). 

The difference in the ovarian stimulation was accompanied by the 
difference in the mammary pattern. Nearly 50% (10/21) of dba (New) 
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virgins presented advanced development of the hyperplastic nodules along 
the slender mammary ducts (a C) (Fig. 4); however, such nodules were rare 
in the line without the milk agent (Fig. 5). Five out of twenty-one (25%) 
females presented very early cystic lesions in dba(—MTI). Mammary tree 
of dba(Old) presented entirely different picture. Eight out of eighteen 
females had dilated mammary ducts (y A) while the rest presented common 
slender ducts. However, the focal acinar clusters representing the pre- 
cancerous lesions (C) were totally absent in all the 180 glands studied from 
this group (Fig. 6). 

Although considerable amount of individual variation existed in adrenal 
picture in every group, the differences in the three lines were worth atten- 
tion. Zona glomerulosa presented more or less similar appearance in both 
dba (New) and dba(—MTI). Zona fasciculata was better developed in 
dba (New) than in dba(—MTI). In the place of reticular network of cells, 
prominent X-zone was clearly noticeable in more than 50% (12/21) adrenals 
of dba (New) (Fig. 7). The remaining 50% presented degenerating vacuo- 
lised X-zone. On the other hand in dba(—MTI) the majority of adrenals 
presented no trace of X-zone (13/21) (Fig. 8). Advanced degeneration of 
X-zone was observed in the remaining eight females. There was thus early 


X-zone degeneration in dba(—MTI) compared to that observed in the line 
with the milk factor. 


The females of dba (Old) presented more or less normal adrenal picture. 
All the three zones of the cortex were clearly distinguished. In the majority 
of females zona glomerulosa did not show foci of proliferation. The deve- 
lopment of zona fasciculata was normal with a layer of darkly stained nuclei 
of compact cells towards its inner margin. A loose network of zona reti- 
cularis was very distinct surrounding the medulla. Normal development of 
a reticularis was recorded in 15 out of 18 females (Fig. 9). Only three animals 
presented suspicion of vacuolised degenerating X-zone. 


Although there was indication of better hormonal stimulation in both 
ovaries and adrenals of dba (New) line than that in dba (—MTI) the average 
weights of these organs were less than that of dba (—MTI). This consistent 
discrepancy in weights at all age periods is difficult to explain. 


Age group between 12 to 14 months (Virgins) 


The old virgins of dba (New) presented 8-7 as the average number of 
corpora lutea as against 6-5 in a very small group of dba (—MTI) animals 
available for examination. The mammary glands were full of precancerous 
lesions in the majority of dba (New) 8/12, palpable breast adenocarcinoma 
being developed in three animals. In dba(—MTI) hyperplastic nodules 


. 
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were totally absent in the small group of forty glands studied. Adrenals of 
both the lines hardly showed any difference. X-zone had completely dis- 
appeared in both the lines at this old age. 


Age group between 12 to 14 months (Breeders) 


A small group of old breeders was investigated for its hormonal pattern. 
The majority of breeders had three pregnancies. Ovaries were heavier in 
the line without the milk factor as in the previous groups, the number of 
corpora lutea was more (9-7) in dba (New) than that in dba (—MTI) (6-6). 
The breast pattern of the two lines exhibited significant differences. The 
ductal pattern in all the breeders as a rule presented heavy proliferation of 
third degree designated by type “8”. In dba(New) ductal proliferation 
**B”? was accompanied by hyperplastic nodules of type C or C’ in all the 
animals (Fig. 10) while in dba (—MTI) such precancerous lesions were totally 
absent (Fig. 11). Two palpable tumors developed in dba (New) breeders 
which on histological examination proved to be irregular tubular adeno- 
carcinoma. One carcinoma simplex free of adenomatous structure was 
encountered in dba(—MTI) breeder which was tested for the milk borne 
agent by Howatson’s method* and was found to be free of the agent. The 
histopathological identification of palpable tumours was based on Claudman’s 
classification." 

DIsCussION 

The comparative study of three lines of cancer-susceptible strain dba, 
has resulted in some interesting findings. The two inbred lines, dba (New) 
and dba (—MTI) were originally raised from same dba (Bar) stock, so that 
both the lines are presumed to bear identical genetic constitution. The 
differences in hormonal pattern of these genetically identical lines, therefore, 
bear a special significance. 


The data on the ovaries and adrenals of dba(New) and dba (—MTI) 
presents an interesting comparison with the original work of Taylor and 
Waltman.® They have compared endocrines and mammary morphology 
of cancer-susceptible strain dba (Bar) and cancer resistant strain C;, (Bl) 
at different age periods. Their figures for average number of corpora lutea 
in dba (Bar) and delayed X-zone degeneration are comparable with the present 
findings of dba (New). The figures for dba(—MTI), however, fall in bet- 
ween those for the susceptible and resistant strains. The difference between 
the dba (New) and dba (— MTI) is not as outstanding as that between dba (Bar) 
and C;;(Bl). It may be emphasized that the strain dba (Bar) differs from C,, 
(B1) in both its chromosomal constitution as well as in the milk borne agent. 
The two lines of strain dba, however, differ only in their extra chromosomal 
factors. The range of differences in the hormonal factor of two lines thus 
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lies between that of the susceptible and resistant strains. This difference 
in the hormonal pattern may be attributed to the difference in the milk borne 
agent in two lines of dba. The genetic constitution primarily determines 
the hormonal pattern but the milk borne agent appears to have secondary 
influence on the hormonal metabolism. The agent probably has two-fold 
action; it has direct action on the breast tissue where it lodges as well as 
action via stimulation of hormonal system. An effort to demonstrate the 
agent in the endocrine organs of the milk factor line might elucidate the mode 
of action of the tumor agent. 


Associated with the difference in the milk factor and hormonal pattern 
in two lines significant difference has been noticed in the mammary morpho- 
logy. The hyperplastic nodules are very common in all the older age 
groups of dba(New) while foci are totally absent in all the groups of 
dba (—MTI) except the group studied at seven to eight months. According 
to Mihlbock et al.* the excessive number of such nodules in the line with 
the milk factor and. small occasional nodules in the line free of the factor 
suggests that the agent exerts a considerable influence upon the development 
of the nodules. It should be regarded as an accelerator and intensifier of 
developments in the mammary gland which would also take place in the 
* absence of the agent. It is likely that the action of the agent consists exclu- 
sively of an increase in the number of hyperplastic nodules and their earlier 
occurrence and not of direct influence favourable to the transformation of 
adenomatous hyperplastic tissue into carcinomatous one. 


The ovaries and adrenals of dba (—MTI) though functionally less active 
-have always weighed more than those of dba (New) at different age periods. 
This discrepancy in the average weights of the organs of two lines weighed 
under identical conditions is difficult to explain. In this connection it may 
be noted that the average body weight has been invariably little more in 
dba (—MTI) than in dba (New). 


The comparative study of the old line with the fresh stock—the dba (New) 
—showed specific qualitative difference in the hormonal factor and mammary 
morphology. Such sharp differences in the two lines comparable to differ- 
ences in the susceptible and resistant strains as described by Taylor and 
Waltman® suggest two possibilities. Either a sudden change taken place 
at chromosomal level during the course of intense inbreeding has resulted 
in genetic differences of two lines or that the dba (Old) line has lost the milk 
borne tumor agent during faulty selection of breeding stock. During war 
period for lack of space and food it was not possible to maintain large number 
of mice till death, so that proper selection of breeding stock from tumor 
grandmothers did not become possible. . This faulty selection might have 
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resulted in the loss of mammary tumour inciter from the line. The line is 
being tested at present for both the possibilities—possibility of genetic 
differences as well as that of loss of milk agent. There is already evidence 
to show that the spontaneous breast carcinoma from dba (New) line does 
not grow in dba(Old) on subcutaneous transplantation. As regards pre- 
sence of milk agent the hyperplastic nodules associated with the presence of 
the agent have never been encountered in this line neither any spontaneous 
breast cancer has developed during the last eleven years. To confirm these 
observations foster-nursing experiments are in progress the results of which 
might throw light on the question of differences between the old and the 
new line of strain dba. 
SUMMARY 


A comparative study of different lines of strain dba (Bar) with and 
without milk borne tumor agent was undertaken with special reference to 
(1) Maturation of ovaries; (2) Histology of adrenal glands; and (3) Mam- 
mary morphology. Qualitative difference in the maturation of ovaries, 
X-zone degeneration in adrenals and mammary morphology indicate the 
influence of milk borne agent on the hormonal metabolism. Although 
genetic constitution primarily determines the hormonal pattern, milk borne 
agent appears to exert secondary influence on the hormonal system in intact 
mice. 


BIBLIOGRAPHY 
1. Claudman, A. M. .. Biology of Laboratory Mouse. The Blackisten Company, Phila- 
delphia, 1941. 
2. Fekete, E. .. “Comparative study of the ovaries of virgin mice of dba and 
C;, (B1) strains,” Cancer Research, 1946, 6, 263-69. 

3. Gardner, W. U., ““Mammary glands of mature female mice of strains varying 
Strong, L. C. and in susceptibility to spontaneous tumor development,” Am. J. 
Smith, G. W. Cancer, 1939, 37, 510-17. 

4. Howatson, A. F. .. “* Particulate material in extracts of normal and of tumor tissue: 

An electron microscope study,” Brit. J. Cancer, 1953, 7, 
393-400. 

5. Khanolkar, V. R. and “The effect of foster-nursing on the morphology of mammary 
Ranadive, K. J. glands in mice,” J. Path. and Bact., 1947, 59, 593-603. 

6. Miihlibock, O., Van “* Studies on the development of mammary tumor in Dbab mice 


Eggenhorst, Tengbergen without the agent,” J. Nat. Cancer Inst., 1953, 13, 505-31. 
and Th. G. Van Rijssel 
-7. Ranadive, K. J. .. ‘*Comparative morphology of normal glands of four strains 
of mice varying in their susceptibility to breast cancer,”’ Proc. 
Ind. Acad. Sci., 1945, 22, 18-29. 


8. “Effect of foster-nursing on the maturation of ovaries,” Ind. 
Jour. Med. Res., 1949, 37, 419-32. 
9, Taylor, H. C. and ‘Hyperplasia of the mammary glands in human being and in 


Waltman, C. A. the mouse,” Arch. Surg., 1940, 40, 733-782. 
B3 


{ 
* 
a 
‘ 
i 


' THE INFLUENCE OF “MILK BORNE TUMOR AGENT” 
ON SOME ENDOCRINE GLANDS IN CASTRATE MICE 


By KAMAL J. RANADIVE* AND SUSHEELA WARAVDEKAR* 


Received September 6, 1955 
(Communicated by Dr. V. R. Khanolkar, F.A.sc.) 


THE data presented in the previous paper indicates influence of the milk 
borne agent on the hormonal metabolism in mite. The agent appears to 
act via hormonal system in “intact” mice. There is evidence that the milk 
borne agent affects maturation of ovaries. With this finding in view it was 
thought essential to investigate the action of the agent in the absence of the 
ovaries. To what extent would the milk borne agent affect the hormonal 
pattern in ovariectomised mice? How far would the agent influence hor- 
monal response in castrate mice ? ; 


Voluminous work has been done on the hormonal factor in castrates 
since the days of Perry (1938).17 Endocrine interrelationship in castrates 
has been a problem for study at Bar Harbor (Woolley,?*-** Fekete,23-*6 
Little,2*-**) as well as at the University of Minnesota (Huseby,!-1% 
Bittner,-> Smith,2?? and others) and also at Yale (Gardner)* 
It has been proved repeatedly that the adrenal response to early gonadectomy 
is strain specific and is specially controlled by the inherited hormonal factor. 
It is further essential to investigate if the milk borne agent has any effect 
on the adrenal response to gonadectomy. 


Experiments were therefore planned first (a) to investigate the hormonal 
pattern after gonadectomy and further (5) to study the influence of the milk 
borne agent on the hormonal pattern in castrates. 


MATERIAL AND METHOD 


(a) Three strains of mice C,H (Bar), C,7 (Bl) and Strong A have been 
used for the study of castrates. The strain C,H has been reported to have 
95 p.c. spontaneous breast tumor incidence in virgins as well as in breeders; 
C;; (Bl) only 0-5 p.c. tumor incidence in breeders while Strong A has 
4-5 p.c. tumor incidence in virgins and 80 to 85 p.c. tumor incidence in 
breeders. The females of all the strains were kept for mating with their 
brothers and the litters born were gonadectomised within thirty-six hours 
of birth. The technique used for gonadectomy was essentially the same 
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as described in previous communication (Ranadive).'* 1° Gonadectomised 
sucklings were weaned from their mother after twenty-one days and brothers 
and sisters were segregated in separate boxes. In addition to the group 
of Strong A females castrated at birth another group of A females was 
castrated after one pregnancy. The ovariectomy was performed on the 
mother on the second day of weaning the litter. The operation was carried 


out under ether anesthesia with small dorsal incisions in the region of the 
ovary. 


Vaginal smears of gonadectomised females were recorded after the age 
of seven to eight months twice every month. The animals were sacrificed 
generally between twelve to fourteen months. Few breeder castrates were 
maintained till old age and were sacrificed when appeared weak and emaci- 
ated. The adrenals were weighed in saline and fixed in Telly’s fixative for 
histological study. The whole mounts of mammary glands were prepared 
by fixing them in 10% formalin and staining them with kerneschtrot. 


(b) A second group consisted of foster-nursed C,H and C;7 (B1) females 
gonadectomised within thirty-six hours of birth. The young ones were 
exchanged always within seventeen hours of birth and weaned from their 
foster-mother on the twenty-first day. The other procedure of study for 
adrenals and mammary glands was essentially the same as that of previous 
groups of castrates. 

EXPERIMENTAL FINDINGS 


Table I records the detailed observations in both sections (a) and (5): 


(a) There was no striking difference in the average body weights of the 
castrates of two strains though comparatively C,, (Bl) castrates have always 
been more obese (av. wt. 33-15 gm. against 26-5 gm. in C,H). The vaginal 
smears presented continues keratinisation in C,H castrates while the C;, 
presented only occasional cornification lasting for a short duration. 


All the C,H castrates developed slender mammary ducts with profuse 
branching and one developed palpable mammary adenocarcinoma of variable 
type. The ductal development though present was not profuse in the C,7 (B1) 
castrates. The ducts were short and blunt. Mammary gland development 
was totally absent in four C;, (B1) castrates. Six out of sixteen C,H castrates 

. presented heavy deposition of calcium salts in the breast parenchyma. One 
C;7 (B1) female had calcium deposits in the breasts. 


_ The adrenals of C,H and C;7 (B1) castrates hardly showed any difference 
in the average weight but there was striking difference in the histology. 
Fourteen out of sixteen pairs of C,H adrenals studied presented advanced 
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cortical hyperplasia (Plate XV Fig. 1). The remaining two showed early 
proliferation of A, B cells in zona-glomerulosa as described by Woolley 
et al.?” Cortical hyperplasia with definite nodular growth was absent in 
all the C,7 adrenals studied. The adrenals of eight C;, females showed early 
beginning of A and B cells proliferation in the zona glomerulosa (Plate XV, 


Fig. 2). 


Strain A virgins castrated at birth displayed obesity—the average body 
weight being 37 gm. There was no indication of estrogenic stimulation in 
the vagina. The mammary gland development was totally absent in six 
females, rudimentary in nine females and few slender ducts in only two. 
Scanty deposition of calcium salts was discovered in only three females. The 
adrenals presented almost normal picture in the majority and cortical hyper- 
plasia was totally absent (Plate XVI, Fig. 3). 


Strain A breeders castrated after one pregnancy looked normal (av. wt. 
30:2 gm.). The vaginal cornification was not seen in most of the females 
except two which developed breast carcinoma at later age. The breast deve- 
lopment was present in all the animals—fifty per cent. developed profuse 
ductal branching of type 8 “A” characteristic of a normal breeder and fifty 
per cent. presented slender bare mammary ducts of type “aA”. Acinar 
buds were totally absent in this group. However, the largest number of 
breast tumors—14 p.c.—have been encountered in this group of castrate 
“A” breeders. Two of these tumors have been described as typical adeno- 
carcinoma and the third was carcinoma simplex (Claudman’s classification®). 
The other breasts of these tumor mice did not show precancerous cystic 
lesions. Calcium deposits were totally absent in the breast parenchyma. 
The adrenals looked almost normal with occasional foci of A, B cells in three 
animals. Cortical hyperplasia was totally absent (Plate XVI, Fig. 4). Besides 
14p.c. breast tumors 28 p.c. lung carcinoma and 40p.c. lymphocytoma 
was observed in the old castrate group. 


(b) On comparing the observations of the C,H castrates with those of 
the castrates foster-nursed on C;7 (Bl) mother no significant difference was 
noticed either in the body weights, mammary pattern or the calcium depo- 
sits. Less than fifty per cent. foster-nursed mice presented advanced cortical 
hyperplasia. 


Similarly in the C,7 (Bl) castrates compared with the castrates foster- 
nursed on C;H milk, no significant difference was observed in the body weights 
or mammary development but there was an evidence of prolonged vaginal 
cornification in more than 50p.c. of C,7 (Bl) castrates foster-nursed on 
C,H milk. Six out of twelve foster-nursed mice (50 p.c.) developed adrenal 


LS 
e | 
4 
le 
re 
or 
les 
re 
eir 
or 
US | 
b): 
the 
Cs2 
iced 
| 


166 KAMAL J. RANADIVE AND SUSHEELA WARAVDEKAR 


cortical hyperplasia (Plate XVII, Fig. 5) which was totally absent in the 
castrated controls of this strain. In association with the difference in adrenal 
histology nine out of twelve foster-nursed females of the C;; (Bl) (75 p.c.) 
presented heavy deposition of calcium salts in the breast parenchyma 
(Plate XVII, Fig. 6). 


DISCUSSION 


‘Endocrine interrelationship in castrates has been a problem for study 
for the last many years. The Bar Harbor group of workers—Woolley,?*-** 
Fekete**-6 and Little?*-**—as well as the group at the University of 
_ Bittner, Smith,*-22, and others and 
Gardner’s*® group have been busy investigating the pituitary adrenal res- 
ponse to gonadectomy in several inbred strains of mice. They have de- 
scribed the hyperactivity of adrenal cortex in castrated male and female mice 
of strains dba, C,H, CBA, Ce, NH and Balb. The altered adrenal cortical 
cells in the castrated mice have been linked with gross and histological evi- 
dences of estrogenic stimulation of uterus, vagina and mammary glands. 
The data on castrates of different strains brings into light some very interest- 
ing points. 


The cancer susceptible strain C,H and dba (Bar) present characteristic 
adrenocortical hyperplasia associated with heavy keratinisation of vaginal 
mucosa and the extensive development of slender mammary ducts at the 
late age. Both the strains possess all the four factors, namely (1) genetic 
susceptibility, (2) hormonal stimulation, (3) inherited hormonal factor and 
(4) the milk borne tumor agent, essential for the development of sponta- 
neous breast cancer. In the castrates of these strains the adrenals appear 
to take over the function of the missing ovaries and the hyperplastic adrenal 
cortex probably serves as a source of estrin-like stimulation that brings about 
the development of secondary sex organs. 


In low mammary tumor strains—Ce and NH—the response of adrenal 
to gonadectomy is stronger and quicker than that in the cancer-susceptible 
strains dba and C,H. However, the development of secondary sex organs 
presumed to be induced by the stimulation of the cortical hormones show 
very slow progress. There is heavier keratinisation and extensive ductal 
development in the high tumor strains C,H and dba than in the low tumor 
strains Ce and NH. Much higher incidence of mammary tumors has been 
encountered in the castrates of the susceptible strains in response to mere 
cortical hyperplasia than that in the castrates of strains Ce and NH with 
large cortical carcinomas. It is the genetic susceptibility that controls tissue 
response to hormonal stimulation. The factors determining response of 
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secondary sex organs to hormonal stimulation appear to be different than 
the factors determining the response of adrenals to gonadectomy. 


Cancer-resistant strain C;7 (Bl) does not possess any of the four essential 
factors of spontaneous breast carcinoma and as such adrenals hardly show 
any response to gonadectomy and hence no development of secondary sex 
organs has been observed. 


Strain A—where the virgins are cancer-resistant but the breeders are 
susceptible—possesses all the essential etiological factors of breast cancer 
except the “inherited hormonal influence”. The observation on virgin 
“A” castrated at birth are closely comparable to those on the resistant strain 
C;7(Bl). The results confirm Smith’s*' original findings on Strain A 
castrates. 


The multiparous “A” females always present high breast tumor incidence 
like strain C,H, because of the additional hormonal stimulation of pregnancy. 
It was therefore thought that “A” breeders with sufficient hormonal stimula- 
tion ovariectomised after one pregnancy would behave like susceptible C,H 
castrates. However adrenocortical response typical of C,H castrates has 
never been observed in this group of “A” breeder castrates. Mammary 
glands have not shown extensive ductal development. The additional 
hormonal stimulation after one pregnancy thus does not seem to affect the 
adrenal response to gonadectomy. It is not merely the increased hormonal 
stimulation but the’ “inherited hormonal influence” appears to determine 
the adrenal response to gonadectomy. 


The fundamental theory put forth to explain the adrenal activity in 
castrates has been that on removal of the ovary, a normal and proper hormonal 
brake is not applied to the pituitary. The excess pituitary gonadotrophins 
which then accumulate act on the adrenal cortex, a tissue arising embryo- 
logically from the sex ridge. If this latter tissue has genetic factors for suscepti- 
bility and proper vascularisation and nutrition, tumors will develop and the 
cortical hyperactivity would stimulate development of secondary sex organs. 
The “inherited hormonal influence” factor is probably associated in some 
way with the adrenal tissue susceptibility to pituitary gonadotrophins. In 
the absence of all the essential factors there may be less accumulation of 
gonadotrophins—as well as very low response of secondary sex organs as 
in the strain C,;7(B1) and there will not be any detectable effect of gonado- 
trophins either on the adrenals or on the secondary sex organs. However, 
in a case like that of strain “A” for lack of “ inherited hormonal influence ” 
and hence lack of adrenal susceptibility there may not be visible adrenal 
response to accumulated gonadotrophins, But in the presence of all the 
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other essential factors like mammary tumor agent and genetic susceptibility, 
the secondary sex organs which are highly susceptible to hormonal stimula- 
tion may react to the hormonal disturbance in the system. The gonado- 
trophins are known to remain in free circulation for a longer time, than the 
sex hormones (Miihlbock ef al."). It is, therefore, possible that these 
gonadotrophins either accumulated or circulated free in blood might act 
directly on the secondary sex organs so as to develop breast tumors in res- 
ponse to heavy stimulation. Bittner* reported that the hormonal influence 
required for the development qf mammary tumors in virgins or in gonad- 
ectomised animals may be dependent upon other factors related to “ inherited 
hormonal influence ” which accelerate the development of mammary tumor. 
Such observations invite the study of the hypophysis which is underway. 


Further, for the elucidation of the influence of the “ milk borne agent ” 
on the hormonal pattern, the study of castrates was undertaken after foster- 
nursing. No marked difference is seen in the observations on C;H castrates 
nursed on their own milk and those nursed on the milk devoid of the tumor 
agent (Table I). It appears that the susceptible stock presents characteristic 
behaviour irrespective of the presence or absence of the milk borne agent. 


However in the other series of observations on the C;, (Bl) castrates 
foster-nursed on C;H milk there is evidence of the milk borne agent affecting 
the adrenal response. The advanced cortical hyperplasia in 50 p.c. of the 
foster-nursed mice is essentially significant in comparison with the normal 
adrenal picture in the control group. 


Simultaneously with the cortical hyperplasia in C;7(B1) castrates foster- 
nursed on C,H milk there is one other observation that needs comments. 
Heavy calcium deposition is present in the breast parenchyma of 75 p.c. 
of the foster-nursed animals of this group. Deposition of calcium salts due 
to disturbance in the calcium metabolism has been described as characteristic 
of C,H castrate controls (Ranadive).4* (C;,(Bl) castrate controls have 
hardly shown any deposition of calcium salts in their breasts. The foster- 
nursing appears to affect calcium metabolism in C;; (Bl) castrates probably 
through its effect on the adrenal response. Generally the calcium deposition 
is discovered in association with adrenocortical hyperplasia. The excess 
calcium is mostly found to be in the form of calcium phosphate which is 
proved to cause a drain on the inorganic stores—the bones—(Nerurkar and 
Sahasrabudhe).4® It has been reported that the sex hormones help bone 
formation while adrenocortical secretions have depressant effect on the 
same process. Excessive adrenal stimulation in the total absence of sex 
hormones may, therefore, cause decalcification of the bone. Thus, in the 
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case of castrated animals, lack of adequate supply of sex hormones and the 
excessive secretion from the adrenal cortex implicates the possibility of bone 
decalcification which may further result in the deposition of calcium salts 
in the vascular stroma of breast tissue. Calcium deposits, thus, appear to 
be the indication of steroid imbalance brought about by adrenal hyper- 
activity. There may be other factors like parathyroidism responsible for 
the phenomenon which have not been studied yet, but adrenal hyperactivity 
in response to gonadectomy appears to be one of the important factors that 
affects calcium metabolism. Heavy calcium deposition in foster-nursed 
C;7 (Bl) castrates may, therefore, be taken as an indication of disturbed 
calcium metabolism brought about by excessive adrenocortical activity. 
Although adrenal response to gonadectomy is primarily strain specific “* milk 
borne agent” appears to have secondary influence on the adrenal activity. 


These findings indicating influence of the “ milk borne agent” on the 
endocrines might elucidate to a certain extent mode of action of the agent. 
It appears the agent has two-fold action; a part of it direct on the breast 
tissue and a part acting via hormonal system. 


SUMMARY 


(a) (1) Three strains of mice C,H, C;,(Bl) and Strong A have been 
ovariectomised within 36 hours of birth and» adrenal and secondary sex 
organ response to gonadectomy has been studied at a late age of twelve to 
fourteen months. 


An additional group of strain A breeders have been castrated after 
one pregnancy and similar studies have been carried out on “A” breeder 
castrates at old age. 


(2) Cancer-susceptible strain C,H presented specific post castra- 
tional changes—such as advanced adrenal cortical hyperplasia associated 


with heavy vaginal keratinisation and extensive development of mammary 


ducts. Such response was conspicuously absent in the strain C;; (Bl) and A 
virgin castrates as well as breeder castrates. 


(b) (3) Using the experimental animals in (a) as controls, more litters 
of C,H and C;7 (B1) were castrated and exchanged for foster-nursing. The 
effect of foster-nursing on the response of adrenals and secondary sex organs 
to gonadectomy was studied at old age. 


(4) The adrenal response to gonadectomy has been proved to be 
primarily strain specific. However, there is an indication of the influence of 
‘the milk borne agent’ on the adrenals and calcium metabolism in the 
resistant strain C;7 (Bl) foster-nursed on C,H milk. 
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EXPLANATION OF PLATES 
PLATE XV 


1. Adrenal of C,H castrate showing extensive adreno-cortical hyperplasia. x40. 
2. Adrenal of C;,(B1) castrate showing normal cortex. Adrenocortical hyperplasia is 


totally absent. x40. 


PLATE XVI 


3. Adrenal of “A” virgin castrate with normal cortex. x40. 
4. Adrenal of “A” Breeder castrate with normal cortex. x40. 


PLATE XVII 


5. Adrenal of ovariectomised C,,(B1) female foster-nursed on C,H milk, showing early 
nodular growth in the cortex. x40. 

6. A portion of the mammary gland of ovariectomised C,, (B1) female foster-nursed on 
C,H milk showing deposition of calcium salts. x12. 
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THE ACTION OF SODIUM AND POTASSIUM ON 
BLOOD VESSELS AND ITS RELATION TO 
HYPERTENSION 


By SuniTA INDERJIT SINGH, M.D. AND INDERJIT SINGH, F.A.Sc. 
(From the Department, of Physiology, Medical College, Agra) 


Received September 16, 1955 


IT is well established that electrolyte imbalance results in hypertension. 
There is increasing evidence for an association between the metabolism of 
sodium and experimental hypertension. Recent evidence indicates that 
the cause of essential hypertension is peripheral and ultimately resides in 
the smooth muscle of the blood vessels. The action of sodium and potassium 
on unstriated muscle is of importance in view of its possible relation to 
hypertension. Dogs and rats with renal hypertension showed increased 
concentrations of sodium in various tissues (Larmore and Grollman, 1950). 


The increase in the sodium content of unstriated muscle appears to 
increase its tone. Thus isolated unstriated muscle contains more sodium 
than striated muscle and it also shows greater tone and viscosity. If un- 
striated muscle is soaked in Ringer’s solution for a few hours, its tone, 
viscosity (Winton, 1930) and sodium content increases (Singh, 1938 a). 
Sodium content as well as tone increases if the muscle is cooled; in these 
muscles, excessive tone and viscosity is reduced by treating them with 
sodium-deficient solutions. Frequent stimulation increases tone as well as 
sodium content (Singh, 1939 a). Tone as well as sodium content increases 
in the absence of calcium (Singh, 1938 a, b). Dog’s stomach muscle contains 
more sodium than frog’s stomach muscle and the former shows greater tone 
than the latter (Gokhale and Singh, 1945); a greater sodium content implies 
a lesser potassium content and vice versa. Some unstriated muscles rapidly 
gain potassium from an isotonic solution of potassium chloride (Singh, 
1938 a, 1944), and show marked reduction in tone and viscosity (Singh, 
1938 c, 1943). Increase in the osmotic pressure of the medium increases the 
concentration of potassium inside the muscle fibres (Gokhale and Singh, 
1945), and causes reduction of tone (Singh, 1939 5). 


These experiments suggest that intracellular sodium increases tone, and 
intracellular potassium has the opposite action. Extracellular sodium and 
potassium may increase or decrease tone. Intracellular ions will act on 
the proteins of the muscle and thus produce permanent effects. A tonic 
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contraction by an intracellular ion will not require expenditure of energy, 
and thus will be sustained. To study the intracellular action of ions on the 
contractile mechanism, the excitatory system has to be excluded. 


Two methods have been employed to study the action of ions on the 
contractile mechanism of unstriated muscle. In the first method, the 
muscle is allowed to die in a solution (Singh and Singh, 1949 a, 1950 a). 
As the excitatory system and the permeability of the muscle is destroyed, 
the substances in the solution then act on the contractile mechanism. By 
such method, it has-been found that sodium has a contractile effect, and 
potassium has the opposite action. The effect of sodium chloride is counter- 
acted by small concentrations of calcium, potassium and magnesium. The 
effect of potassium is antagonised by small concentrations of calcium and 
increased by magnesium. 


In the second method, the muscle is killed by heating to 50°C. for a 
few minutes (Singh and Singh, 19544, b,c). Most substances that cause 
denaturation of proteins cause the heat killed muscle to relax; heating 
beyond 50°C. to 60°C. has similar action. According to modern theory, 
denaturation consists of an alteration of the specific internal structure of the 
protein wherein the closely folded peptide chains unfold. Similarly the 
contraction of muscle is supposed to be due to folding of the contractile 
protein; so relaxation would be due to unfolding of the muscle proteins. 
Thus according to these views the process of relaxation of muscle would 
be similar to denaturation of proteins. These experiments therefore give 
an indirect evidence of chain-folding during contraction. 


The effect of various substances on the heat-killed muscle is similar to 
that on the dying muscle, though there is an important difference between 
the reactions of these two preparations. The heat-killed or denatured muscle 
does not contract, except when treated with some protein coagulants (Singh, 
1955 a), or by heating to 70°C. (Singh, 19555). Substances that cause 
active relaxation of dying muscle have similar effect on the heat killed 
muscle. By active relaxation of dead muscie is implied, that it relaxes 
without the application of any external force; criteria for active relaxation 
of living muscle are many more (Singh and Singh, 1952 a). Thus potassium 
chloride causes active relaxation of dying as well as heat-killed muscle. 
Substances that cause contraction of dying muscle do not cause contraction 
of heat-killed muscle. They either have no effect, or cause slight active 
relaxation of the latter. These substances may, therefore, be considered 
to have a contractile effect (Singh and Singh, 1955). Sodium chloride 
has such an action, and if part of the potassium chloride is replaced with 
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sodium chloride, then the effect of the former in causing active relaxation of 
the heat-killed muscle is correspondingly diminished. Sodium chloride 
may therefore be considered to have a contractile effect on the contractile 
mechanism of unstriated muscle. 


There is every likelihood that the unstriated muscle of the arterioles 
reacts like other smooth muscle. In the present research, an attempt has 
been made to test this possibility. 


EXPERIMENTAL 


Small sized dogs were killed by an overdose of ‘Chloroform. The hind 
legs were perfused with isotonic solutions (0-154 M) of sodium or potassium 
chloride. A cannula was tied into the femoral artery; the leg was then 
severed from the body and the cannula secured to the femur by a ligature 
round the neck of the bone. Saline (sodium chloride solution) was run 
into the cannula from a 50 c.c. burette. The skin of the leg was then removed. 
In some experiments the leg was heated to 50° C. for 10 minutes to destroy 
the excitatory system of the arterioles. The experiments were performed 
at room temperature (30° C.). 


The limbs were perfused from the burette throughout the experiment. 
The advantage of perfusion from the burette was, that as the perfusion 
pressure head decreased, the flow might stop and the perfusion time might 
be considered as infinity. If now change of the solution caused the flow 
to restart, then the second solution might definitely be considered to have a 
vasodilator effect, if other factors remained constant. 


Perfusion was started with unoxygenated sodium chloride solution for 
about an hour or two. Time was noted for the flow of 50c.c. of the solu- 
tion. When the readings had become constant, then one leg was perfused 
with potassium chloride for about 2 hours and the other with sodium chloride 
serving as a control, the legs being immersed in their respective perfusion 
fluids. The legs were then left immersed for about 18 to 24 hours; the idea 
was to obtain the reactions of dying or heat-killed arterioles, as with isolated 
pieces of muscle. 


After immersion, the perfusion was restarted till the reading had become 
constant. When the perfusion is stopped for some hours and then re- 
started, the flow at first might be slow, and then reaches a constant rate after 
3 or 4 perfusions. : 


Rings of dog’s aorta were also used. They were similarly immersed 
for 24 hours in solutions of sodium or potassium chloride. Some were 
heated to 50° C. before immersion. 


a< 


Action of Sodium and Potassium on Blood Vessels 175 


Direct microscopic observations using a micrometer eyepiece, were also 
made on the small arterioles and venules in the mesentery of the dog and guinea 
pig. The mesentery was pinned over a small hole in a piece of cork. After 
initial observations, the mesentery with the piece of cork was immersed in 
sodium or potassium chloride for 24 hours. In some. observations it was 
heated to 50°C. before immersion. ~ 


RESULTS 


Perfusion of the legs at room temperature (30°C.) with sodium or 
potassium chloride caused them to swell, so that the blood vessels might 
have been compressed. Potassium chloride causes more swelling than sodium 
chloride. It will be seen from the experiments described below that swelling 
plays a minor role in affecting the rate of perfusion. Rigor also plays a 
minor role as judged by its effect in the control limb. 


Isotonic solution of potassium chloride is a strong stimulant for all 
kinds of unstriated muscle. In some, the contraction lasts for 10 to 20 
minutes, and in others, for some hours. The contraction is due to extra- 
cellular potassium, and the relaxation occurs when the potassium passes 
inside the cells. Thus the action of intracellular potassium is opposite to 
that of extracellular potassium. Extracellular sodium has variable effect; 
some smooth muscles contract, and others relax. Immersion for 24 hours 
results in contraction of the dying muscle; some, like Mytilus muscle, con- 


tract strongly, and others, moderately. Intracellular sodium has thus a 
contractile effect. 


Smooth muscle of the arterioles reacts like other smooth muscle. The 
small arterioles and venules in the mesentery contract strongly in isotonic 
potassium chloride. After immersion for 18 to 24 hours they dilate. Pro- 
longed immersion in sodium chloride causes them to contract. 


Rings of dog’s aorta also relax in potassium chloride after prolonged 
immersion. Owing to the presence of elastic tissue they do not show much 
active relaxation. The contraction, either in sodium or potassium chloride, 
is not significant, presumably for the same reason. The initial handling 


also causes them to contract, so that sodium or potassium chloride do not 
cause further contraction. 


Twelve pairs of legs were perfused with sodium or potassium chloride. 
In 3 experiments, when the legs were first perfused with sodium chloride, 
the rate of perfusion decreased till it stopped altogether. One leg of each 
pair was then immersed in potassium chloride for 18 to 24 hours, and the 
other continued in sodium chloride serving as a control. Perfusion restarted 
in potassium chloride but not in sodium chloride. The initial perfusion 
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time for 50c.c. of. sodium chloride solution varied from 4 to 6 minutes. 
When perfusion restarted in potassium chloride, it varied from 24 to 31 
minutes; in sodium chloride, it remained infinite. As the swelling in 
potassium chloride was greater than in sodium chloride, these results 
definitely show that sodium chloride has a constricting and potassium chloride 
a dilating effect on the dying arterioles. These results resemble those on 
the dying unstriated muscle. The initial stoppage of the perfusion flow 
was due to spasm of the blood vessels. 


In 8 experiments, the perfusion time for the flow of 50c.c. of sodium 
chloride was 2 to 10 minutes. In potassium chloride, the rate diminished 
immediately, and continued to decrease so that it took over 60 minutes. 
After 2 to 3 hours the perfusion time in sodium chloride was doubled and 
remained constant throughout. After prolonged immersion in potassium 
chloride, the perfusion time had diminished to 5 to 8 minutes, and in some 
experiments, it was less than the initial time in sodium chloride (Figs. 1, 2 a, 5). 
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Fic. 1. Dog’s hind legs. Effect of perfusion with potassium chloride. At first, constant 
rate of perfusion was obtained with sodium chloride. Then perfusion with potassium chloride 
was begun. Note immediate diminution of flow indicating spasm of blood vessels, which partly 
disappeared after prolonged immersion in potassium chloride. 
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Fic. 2 a. Dog’s hind legs. Effect of perfusion with sodium chloride. Note after 2 
hours the rate diminished, which further diminished after prolonged immersion. 


In one experiment, the perfusion time reached 26 minutes after one hour’s 
immersion in potassium chloride, and began to diminish so that in 2 hours 
it had come down to 5 minutes and remained so throughout, the perfusion 
time in sodium chloride being 7 minutes. Thus if the flow did not stop, 
then also the effects of sodium and potassium chloride were similar to those 
described above, and resembled the effects on isolated muscle. The main 
factor which affects the perfusion rate is therefore the calibre of the blood 
vessels. A piece of dog’s stomach muscle contracts strongly if immersed 
in isotonic potassium chloride solution. The contraction is maintained for 
some hours, but after prolonged immersion, the muscle relaxes. In some 
muscles the relaxation may occur in a few minutes. In sodium chloride, 
the muscle remains contracted. 


As with isolated muscle, sodium and potassium chlorides lose their 
constricting effect, if the leg is heated to 50°C. for 20 minutes. In 3 such 
B4 
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Fic. 24. Dog’s hind legs. Effect of perfusion with sodium chloride. Note that the 
fusion rate remained constant for 4 hours, but greatly declined after prolonged immersion. 


experiments, the legs were perfused with sodium chloride. When the rate 
of flow had become constant, they were heated to 50°C. This caused 
great retardation of flow, possibly due to contraction of the blood vessels; 
this could be observed with the naked eye in the femoral arteries. They 
were again perfused with sodium chloride till the rate of flow had become 
constant. One leg of each pair was then perfused with potassium chloride, 
the other being perfused with sodium chloride, thus serving as a control, 
When the perfusion rates had become constant, they were respectively 
immersed in potassium and sodium chlorides for 18 to 24 hours. They 
were again perfused respectively with potassium and sodium chlorides, and 
the perfusion rate had increased for both (Figs. 3, 4). This exactly resembles 
the response of the heat-killed muscles, which relax by about 6 per cent. in 
sodium chloride and 40 per cent. in potassium chloride (Singh and Singh, 
1954 c). 
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Fic. 3. Dog’s hind legs. Effect of perfusion with potassium chloride in a heated 
leg. At first constant rate of perfusion was obtained with sodium chloride. The leg was then 
heated to 50°C. for 20 minutes. When perfusion rate was constant, sodium chloride was re- 
placed with potassium chloride. In dead arterioles, there is no immediate effect, but after pro- 
longed immersion there is dilatation. 


DISCUSSION 


These experiments explain the role of sodium in essential hypertension. 
It thus appears that sodium enters the smooth muscle of the arterioles, and 
acts on the contractile proteins, producing a persistent contraction. The 
action is a direct one on the contractile mechanism, with the result that the 
arterioles do not relax in response to substances that cause relaxation through 
the excitatory mechanism. 


Another contributory cause would be the failure of active relaxation. 
It is known that if smooth muscle is continuously stimulated, then the 
contraction may become permanent and does not subside on the withdrawal 
of the stimulating agency (Singh and Singh, 194956, 1952c). If dog’s 
stomach muscle is continuously stimulated with potassium chloride or other 
stimulants, the contraction may not subside on withdrawal of the stimulants, 
and thus becomes permanent. Thus contraction started by nerves or 


pressor substances such as noradrenaline or renin would become permanent, 
BB 
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Rate of flow; per cent. of initial rate 


Fic. 4. Dog’s hind legs. Effect of perfusion with sodium chloride in a heated leg. At 
first constant rate of perfusion was obtained with sodium chloride. The leg was then heated to 
50° C. for 20 minutes. Note immediate spasm of blood vessels, which partially recover after pro- 
longed immersion in sodium chloride. 


even after the original causative factor had disappeared, and the pressor 
substances are no more demonstrable in the blood. The nature of tone 
changes and the muscle does not relax (Singh and Singh, 19505). Drugs 
which previously lowered blood pressure, would gradually lose their efficacy 
till their effect is more or less completely lost, as these tonic changes become 
established. 


The next question arises, as to which is the primary event, the high blood 
pressure or the entrance of sodium into the smooth muscle of the blood 
vessels. Both factors are likely to precede other events. Thus if the smooth 
muscle of the blood vessels was stimulated, its permeability would be in- 
creased, and sodium would then enter the cells and produce persistent 
contraction (Singh and Singh, 1952, c). If sodium entered the smooth 
muscle cells, due to its retention in the body, then hypertension would be a 
secondary event. 
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It is also likely that sodium chloride might enhance the sensitivity of 
the smooth muscle of the blood vessels to chemical stimulants. Thus some 
smooth muscle react more strongly to chemical stimulation if there is a slight 
excess of sodium chloride in the surrounding medium (Singh, 1938 5). Intra- 
cellular potassium decreases the sensitivity to chemical stimulation, so that 
its partial replacement with sodium would make the muscle more sensitive to 
such stimulation (Singh, 19385, 19395). Sodium retention in the body 
might also make the nervous system hyperirritable for similar reasons, and 
thus increase the tone of vasomotor centres. Potassium retention, such as 
in Addison’s disease, would lower blood pressure. In nephritis, sodium 
retention would increase the tone of the musculature of the alimentary 
canal and thus cause vomiting and diarrhoea; the increased irritability of 
the nervous system would cause convulsions. 


Intracellular potassium has an inhibitory effect on tonic stimulation, 
so that its partial replacement with sodium will result in increased irritability. 
This appears to be true of muscle and the nervous system. In unstriated 


muscle (Singh, 19386; 1939 c), extracellular ions have both an inhibitory 
and an excitatory action in the order 


K > NH, > Na > Li 


so that increased irritability would result, if (a) the concentration of the 
inhibitory ion is decreased; (b) the inhibitory ion is removed; (c) the ion 
in question is replaced with another ion, which has a lesser inhibitory effect. 


Concentration of the intracellular inhibitory ion can be lowered by 
decreasing the osmotic pressure of the extracellular medium, as this would 
result in the passage of water into the cell. This results in increase of 
irritability in unstriated muscle (Dale, 1913; Singh, 19386 and 1939 5), 
as well as the nervous system, as indicated by convulsions in water intoxica- 
tion. If extracellular potassium has an inhibitory action, then its replacement 
with sodium increases the irritability of unstriated muscle. It is therefore 
reasonable to conclude that partial replacement of intracellular potassium 
with sodium would result in increased irritability. 


The above conclusion is supported by two sets of observations: (a) un- 
striated muscle contains more sodium and less potassium than striated muscle 
and it is more sensitive to chemical stimulation than the latter; (6) with 
continued stimulation, striated muscle fatigues and its sodium content 
increases; it also becomes more sensitive to potassium (Gelhorn, 1932): 
Thus sodium retention would increase the irritability of vascular smooth 
muscle, as well as that of the nervous system. It is interesting to note that 
a certain increase in hydrogen-ion concentration diminishes the permeability 
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of unstriated muscle to sodium, and decreases tone. The effect of acidity 
in diminishing the irritability of the nervous system and epileptic convulsions 
is well known. This action of sodium will be on the excitatory mechanism. 
Sodium retension would thus produce hypertension in three ways: (a) by 
increasing the irritability of the nervous centres; (b) by acting on the excita- 
’ tory mechanism of vascular smooth muscle; (c) by acting on the contractile 
mechanism of vascular smooth muscle. The last action constitutes the 
irreversible phase of high blood pressure. 


SUMMARY 


1. The reaction of blood vessels to sodium and potassium ions have 
been studied: (a) by perfusing the hind limbs of the dog with isotonic 
solutions of sodium and potassium chlorides; (b) by direct microscopic 
observation of the blood vessels in the mesentery of the guinea pig and dog; 
(c) by studying the reaction of rings from dog’s aorta. 


2. The effect of the above ions on the contractile mechanism of the 


smooth muscle of the arterioles was studied by the dying muscle technique and 
by prior heating to 50° C. 


3. Sodium has a contractile and potassium, a relaxing effect on the 
contractile mechanism of the smooth muscle of the arterioles. This explains 
the role of sodium in essential hypertension. 
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HYPERCHOLESTEROLAMIA and atherosclerosis are rarely found during the 
initial stages of hypertension. Westphal (1925) found hypercholesterolemia 
in 71 per cent. of his patients with hypertension. Wacher and Fahrig (1932) 
observed an increase in cholesterol of the blood serum in 75 per cent. of 
cases with hypertension. Though cholesterol is deposited in the intima 
of the arteries, the media may also contain it in excessive amounts, as there 
is no likelihood of any diffusion barrier between the intima and the other 
coats of the blood vessels. The question arises whether cholesterol acts 
as an inert substance, or whether it can cause tonic contraction of the 
arterioles. In the present research an attempt has been made to determine 
the action of cholesterol on unstriated muscle and blood vessels to elucidate 
its possible role in producing or modifying hypertension. Unstriated muscle 


‘is a sensitive tissue, and it is unlikely that it would not be affected by a 


cholesterol rich medium. 
EXPERIMENTAL 


The action of cholesterol was tested on (a) the excitatory mechanism; 
(b) contractile mechanism of the circular unstriated muscle of the stomach 
of dog and the frog, Rana tigrina. Cholesterol is insoluble in water, 
but forms an opalescent colloidal solution if the saline is saturated with 
chloroform. The action of cholesterol can thus be investigated, as chloro- 
form enhances the irritability of certain unstriated muscle to chemical 
excitants which produce a tonic contraction (Singh, 19385). From this 
solution, cholesterol has a tendency to crystallise out. 


The action on the contractile mechanism was tested by using dying and 
heat-killed muscles (Singh and Singh, 1949, 1950, 1954, b,c). They were 
immersed in various solutions for 24 hours. 


The action on the blood vessels was tested by perfusing dog’s hind legs 
as described previously (Singh and Singh, 1955). 
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RESULTS 


Action on the excitatory mechanism.—Chloroform is a stimulant of 
unstriated muscle. It produces a tonic contraction and increases the 
excitability to other tonic stimulants such as potassium (Singh, 1938). It 
decreases the excitability to nervous stimulation and alternating current. 
Saline saturated with chloroform causes a tonic contraction of dog’s stomach 
muscle (Fig. 1), of frog’s stomach muscle (Fig. 2); it causes immediate 
slowing of the perfusion flow, so that the arteriolar muscle is also stimulated 
(Figs. 3, 4). 


3 
8 
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Fic. 3. Dog’s hind limbs. At first the limbs were perfused with mammalian saline. Then 
with chloroform saturated saline at X. Perfusion with cholesterol saline at Y produced imme- 
diateTretardation of flow. 


Cholesterol is insoluble in water, but it forms an opalescent colloidal 
solution in the presence of chloroform; it tends to crystallise out form this 
solution. In these experiments a saturated solution of cholesterol was made 
in saline which had§been previously saturated with chloroform. For per- 
fusion experiments, the strength of cholesterol was 1 in 1,000, and for other 
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Per cent. of initial rate of flow 


Hours 

Fic. 4. Dog’s hind legs. At first perfused with mammalian saline. Then saline saturated 
with chloroform was added at X. Next cholesterol was added at Y. 
experiments 2 to 5 in 1,000. It is difficult to say how much of the cholesterol 
in solution is in an active form; probably a very minute concentration. 
Also it is difficult to say whether the colloidal form has any action as such, 
or whether it first passes into a non-colloidal solution, and then acts on the 
muscle. The strength of cholesterol in solution is therefore of no conse- 
quence in these experiments. From solutions chloroform tends to evapo- 
rate so that the cholesterol is precipitated; a little undissolved chloroform 
should therefore be kept in all solutions. 


Cholesterol produces a tonic contraction of dog’s and frog’s stomach 
muscle, so that it appears to be a general stimulant of unstriated muscle 
(Figs. 1, 2). The contraction produced by cholesterol has very interesting 
properties. It is irreversible. The nature of tone changes, the contraction 
passing into alactic tone (Singh, 1949; Singh and Singh, 1948). Adrenaline, 
asphyxia or alternating current fails to produce any relaxation. In un- 
loaded dog’s stomach muscle, active relaxation after stimulation with 
potassium is abolished, 
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Action on the contractile mechanism.—This was tested on unloaded 
dying and heat-killed frog’s stomach muscle, which were immersed in 
various solutions for 24 hours. In a first series of 6 experiments with dying 
muscles, using bicarbonate buffered saline at pH 8, cholesterol produced 
contraction or relative contraction in all muscles by 8 to 31 per cent. In 
6 heated muscles, the contraction was from 8 to 13 per cent., so that the 
action was no doubt on the contractile mechanism (Table I). If the muscles 
were loaded, then no tension was produced, this probably being due to the 
fact that the action of cholesterol is very slow, so that any contraction is 
undone by the stretch, as it is a well known property of unstriated muscle, 
that if loaded, it slowly increases in length. 


TABLE I 


Frog’s Stomach Muscle. Effect of Cholesterol on the Contractile 
Mechanism 


Immersion for 24 hours 


Per cent. of initial length Per cent. decrease 
No. of of length in 

experiments In chloroform In cholesterol cholesterol 

saline 


Dying Muscles 


l 111 90 21 
2 110 90 20 
3 100 92 8 
4 100 88 12 
5 122 91 31 
6 120 100 


Heat-Killed Muscles 


113 100 
112 104 8 
113 100 13 
126 108 18 
110 100 10 
133 120 


nH WN = 
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In other series of 24 experiments with dying muscles, contraction 
occurred in 4 muscles, only by 6 to 10 per cent., relaxation in 7 muscles by 
6 to 26 per cent., and the rest were unaffected. With 24 heated muscles, 
contraction occurred in 4 muscles by 7 to 11 per cent,, relaxation in 3 muscles 
and the rest were unaffected. 


The cause of these variable results was investigated. In 6 experiments 
with dying muscles, using isotonic potassium chloride, 0-154 .M KCI as 
medium, cholesterol caused relaxation in all muscles by 7 to 27 per cent. 
(Table II). In similar experiments with 6 heat-killed muscles, relaxation 


TABLE II 
Frog’s Stomach Muscle. Effect of Cholesterol on the Contractile 
Mechanism 


Immersion for 24 hours. Saline used 0-154 M potassium chloride, which was 
saturated with chloroform 


Per cent. of initial length 


No. of Per cent. increase 
experiments In chloroform __ In cholesterol in length 
potassium potassium in cholesterol 
saline saline 


Dying Muscles 


105 
113 120 7 

96 108 12 
103 7 
83 110 27 
122 


Heat-Killed Muscles 


117 113 —4 
100 120 20 
6 
11 


unt WN 


108 114 
112 123 
124 112 —12 
120 120 


Dn unt N 
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occurred in 3 muscles by 11 to 20 per cent., the rest being unaffected. It 
is clear therefore, that the effect of cholesterol depends upon the ionic 
medium. 


In 6 experiments with dying muscles in isotonic sodium chloride medium, 
cholesterol produced no significant effect. Heated muscles also showed no 
change. In the presence of small quantities of calcium, usually contained 
in mammalian saline, out of 12 experiments, contraction occurred in 7 
muscles by 10 to 21 per cent., relaxation in one muscle by 10 per cent. and 
the rest were unaffected. Heated muscle did not show any significant 
change. Thus the effect of cholesterol on the contractile mechanism of 
unstriated muscle is dependent upon the ionic balance of the muscle. 


In acid media, phosphate buffered saline at pH 7 (6 experiments), pH 6 
(6 experiments), pH 5-3 (6 experiments), cholesterol produced no significant 
effect. Magnesium, 0-001 M, did not have any significant effect on the 
action of cholesterol. 


Action on blood vessels.—The action of cholesterol on the arterioles is 
identical with that on other unstriated muscle. In 6 perfusion experiments, 
cholesterol produced an immediate retardation of flow. The difficulty 
arises about the crystallisation of cholesterol from the solution. A few 
crystals might appear and retardation of flow might be due to blocking of 
the arterioles by such crystals. This, however, seems unlikely in these 
experiments, as shown by the following observations. The contraction is 
partially reversible, the spasm passing off on the removal of cholesterol 
(Fig. 3). The tendency to crystallisation is greater after standing for 24 
hours, but the rate of flow increases, the initial spasm having subsided 
partially (Fig. 4). The contraction of arterioles produced by cholesterol 
is reversible, thus differing in this respect from its action on dog’s stomach 
muscle; the contraction may, however, become more or less, irreversible. 
Direct microscopic observation of the guinea pig’s arterioles in the mesentery 
show that cholesterol causes a permanent tonic contraction; chloroform 
may Cause a temporary spasm. 


DISCUSSION 


Cholesterol leads to mechanical narrowing of the blood vessels by pro- 
ducing atheromatous patches. It is possible that it may be one of the 
agents in increasing vascular tone. As hypercholesterolemia and athero- 
sclerosis are rarely found during the initial stages of hypertension, cholesterol 
may complicate matters in the later stage of the disease. As cholesterol 
changes the nature of the tone and impairs active relaxation of smooth 
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muscle, it is quite possible that the irreversibility of hypertension in later 
stages might be due to the action of cholesterol. 


The action of cholesterol on the contractile mechanism is enhanced 
by calcium. This may be of significance, as in arteriosclerosis, deposition 
of calcium occurs in the media. High concentrations of calcium have a 
direct effect on the contractile mechanism of unstriated muscle, causing it 
to contract. This may also be a contributary factor in causing an irreversible 
contraction of the arterioles. 


The sequence of events in hypertension may be as follows. Increase 
in the sodium or decrease in the potassium content or some other factor 
leads to increase in the irritability of the nervous system. This leads to 
increase in tone of the vascular centres. The tone of the arterioles thus 
increases. Some vasopressor substance liberated in the blood stream may 
also produce similar action. Stimulation of the arteriolar muscle would 
increase their permeability, thus allowing sodium, calcium and cholesterol 
to enter. These act on the contractile mechanism to produce a tonic and 
later on an irreversible contraction of the arterioles. Cholesterol would 
enter the muscular coat from the side of the intima. Increase in the 
sodium content of the arterioles would also act on the excitatory system, 
thus rendering them more sensitive to chemical excitants in the blood. 


What causes cholesterol to enter the coat of the blood vessels? In text 
books of Pathology, this question is fully discussed. Mechanical factor 
no doubt plays an important part. In this connexion, it is interesting to 
note, that intermittent mechanical pressure increases the permeability of 
unstriated muscle to sodium. Thus blotting of the muscle intermittently, 
increases the gain of weight by the muscle in certain solutions, the gain of 
weight being due to the passage of ions and water into the muscle (Singh, 
1938 a). 

SUMMARY 


1. The action of cholesterol on the excitatory and the contractile 
mechanisms of unstriated muscle has been described. 


2. Cholesterol causes contraction of dog’s and frog’s stomach muscle 
by action on the excitatory system. It changes the nature of tone, so that 
the muscle is unable to relax. 


3. Cholesterol increases the tone of the blood vessels of dog’s hind 
limbs. 


4. Cholesterol causes contraction of the contractile mechanism of 
unstriated muscle; this contraction is dependent upon the ionic balance. 
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5. It is concluded that cholesterol may be active in later stages of 
hypertension, in increasing tonus of arterioles, and producing irreversibility. 
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EXPLANATION OF PLATE FIGURES 


Fic. 1. Dog’s stomach muscle. Contraction due to chloroform and cholesterol. First 
stimulated with alternating current (12 volts/10 sec.) at A.C. Then saline saturated with chloro- 
form was added. Next cholesterol dissolved in chloroform saline was added. It was then 
removed. Note the muscle does not relax. 


Fic. 2. Frog’s stomach muscle. Contraction due to chloroform and cholesterol. First 
chloroform saline was added; when the contraction began to decline, then cholesterol was added. 
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CALCIUM has not been assigned any role in hypertension or arterial disease, 
except that it is deposited in degenerated tissue. There is a natural increase 
of lime salts in the arteries of the aged. Calcification is frequently found 
in the arterial system. A striking variety of the condition is that which 
occurs in the media, as a not uncommon lesion in old people and known as 
Ménckeberg’s sclerosis. Lime salts are deposited in the direction of the 
muscle fibres, and in the elastic tissue. All this does not show that calcium 
deposition affects healthy muscle of the arterioles, but it suggests that the 
medium surrounding them may be rich in calcium, which may penetrate the 
muscle fibres and thus increase their calcium content. 


Calcium acts on the contractile system of muscle and causes contraction. 
It acts on the contractile system of striated muscle (Heilbrunn, 1952), and 
that of unstriated muscle (Singh and Singh, 1949 a, 1950). In the present 
research, these experiments have been extended to blood vessels, in order 
to elucidate the possible role of calcium in hypertension. 


EXPERIMENTAL 


The action of calcium on the contractile mechanism of unstriated muscle 
has been studied by prolonged immersion in unoxygenated solutions, the 
muscle being allowed to die in these solutions, so that calcium then enters 
the muscle fibres and acts on the contractile mechanism (Singh and Singh, 
1949 a, 1950). The same technique was used with arterioles. Dog’s hind 
limbs were perfused with solutions of calcium chloride, and the rate of per- 
fusion flow was recorded before and after immersion for 24 hours, as de- 
scribed previously (Singh and Singh, 1955). The reaction of dying arteriole 
was thus obtained. Direct microscopic observation of arterioles in dog’s 


mesentery was also made before and after immersion in calcium chloride 
for a similar period. 


RESULTS 


Direct microscopic observation of small arterioles and venules in dog’s 
mesentrey shows that they contract strongly in isotonic solution of calcium 
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chloride (0:103 M). In dog’s hind limbs, the rate of perfusion is immediately 
retarded and this persists permanently. Thus in 6 experiments, the initial 
rate of flow was 1 to 5 minutes for 50c.c. of mammalian saline. When an 
isotonic solution of calcium chloride was substituted for this, it took from 
2 to 3 hours, so that there was an extreme contraction of the arterioles. This 
spasm of the arterioles was permanent, though after 24 hours slight relaxa- 
tion might occur (Fig. 1). 
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Fic. 1. Dog’s hind limbs perfused with 0-103 M calcium chloride. At first constant rate 
of perfusion was obtained with mammalian saline. Perfusion with calcium chloride was then 
started. Note immediate retardation of flow. 


The initial contraction was due to extracellular calcium, and the later 
contraction to the action of calcium on the contractile mechanism. The 
arterioles are capable of dilatation under such conditions, as shown by the 
action of potassium chloride in which the arterioles contract strongly at 
first, and then dilate after prolonged immersion (Singh and Singh, 1955). 
The initial contraction is due to extracellular potassium, and the dilatation 
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Fic. 2. Dog’s hind limbs perfused with 0-01 M calcium chloride in saline. At first con- 
stant rate of perfusion was obtained with mammalian saline. Perfusion with calcium chloride 
was then started. Note immediate retardation of flow. 


to the: action of potassium on the contractile mechanism. Thus sodium 
and calcium have a contractile effect on the contractile system of the arterioles, 
and potassium has the opposite action. 


Small concentrations of calcium, normally present in the blood, 
have a dilatory effect on the arterioles, as sodium has a constricting action. 
This action is both extracellular as shown by immediate effect, and intra- 
cellular as shown by delayed effect. Higher concentrations (0-01 M) have 
the opposite action (Fig. 2). Excess of calcium antagonises active relaxa- 
tion of unstriated muscle (Singh and Singh, 19495), so this will also tend 
to produce a tonic and irreversible contraction of the arterioles. 


DISCUSSION 


It is unlikely that calcium has anything to do initially with hypertension, 
though later on it may modify the action of the arterioles. If the arterioles 
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are stimulated to contract by any other agency, such as chemical or nervous, 
the permeability of their muscle would increase, and sodium or calcium would 
then enter the cells and produce an irreversible contraction. Excitation 
increases the permeability of unstriated muscle to other ions (Singh and Singh, 
1952). 


There is experimental evidence for the above possibility. In rabbits, 
calcification of the aorta may be produced by injections of adrenaline which 
raises the blood pressure (Cappell, 1951). The initial action of calcium, 
when its intracellular concentration is small, will be antagonistic to that of 
sodium, so that the contractile effect of the latter would be prevented. As 
the concentration of calcium inside the cells increases, a tonic and irreversible 
contraction would be produced. 


SUMMARY 


1. The action of calcium on the contractile mechanism of the un- 
striated muscle of the arterioles has been studied by prolonged immersion of 
dog’s hind limbs in solutions of calcium chloride and recording the rate of 
flow before and after immersion for 24 hours. 

2. Isotonic solutions of calcium chloride produce a strong irreversible 
contraction of the arterioles. This is due to the action of calcium on the 
contractile mechanism. 


3. The possible role of calcium in hypertension has been discussed. 
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STUDIES IN THE ANATOMY OF SUGARCANE STALK 
V. Pith and Cavity Development 
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(Originally Received on February 3, 1953. Revised paper 
Received on September 19, 1955) 


INTRODUCTION 


OwInG to the scattered arrangement of vascular bundles in the stem of 
Monocotyledons, the ground tissue cannot be marked off into cortex and pith, 
homologous to those of a dicot stem. Pith in any plants of the former 
group, e.g., maize consists of thin-walled parenchymatous matrix in which 
vascular bundles are embedded. In sugarcane this term is used only when 
ground tissue consists of loosely packed parenchymatous cells and a few 
vascular bundles found amongst them and is unable to discharge its function 
of storing sugar properly. 


Occurrence of hollow stems in Angiosperms, especially among the 


annuals, is quite a common feature both in Monocots and Dicots and the 
presence of a cavity in them is a means devised by them to meet the peculiar 
conditions of their growth and development. According to De Bary, 
cavities within the submerged parts of hydrophilous plants are of great 
importance, so far as respiration in them is concerned. The extent of deve- 
lopment of hollowness in wheat stems materially affected its lodging tendency 
(Percival, 1921), while Canfield (1923) found cavity formation to be asso- 
ciated with some of the fodder grasses which occurred in moist and sheltered 
places. But in sugarcane, cavity as well as pith is an undesirable character 
because both of them not only reduce the sugar content but also lower the 
yield to the extent to which they develop. Varieties otherwise promising, 
have at times to be discarded just because they develop or are prone to deve- 
lop these features in adverse circumstances. 


The present paper gives a summarised account of investigations carried 
on at the Station to study the problem in its various details over a number 
of years (Khanna, 1933, 1934, 1940, 1941, 1942, 1943, 1944, 1945, 1946, 1947, 
1948, 1949, 1950 and 1951). 


* Now Assistant Editor in Botany in I.S.I.R., New Delhi. 
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II. Review OF LITERATURE 


Although both pith and cavity have attracted attention of various 
workers, so far little precise work as regards their origin, development and 
the various factors responsible for their formation, has been done. One of 
the authors (Khanna, 1934) found that varieties developing pith and cavity 
early in season were not only poorer in the quality of juice, sustaining loss 
of 7:32 to 17-84% of total sugar which would have been stored provided 
pith and cavity had not developed, but also deteriorated, when kept cut, 
more rapidly than those with a solid core. He also noticed that varieties 
having large cavity appeared to suffer more from dryage in field towards 
the end of the season than those with none or a small one. In 1941-42, 
he found the less in tonnage due to dryage resulting from free circulation 
of air within cane-stalks, to be as high as 13-7% at harvest in February. 
Though the girth values of individual stalks were not affected, the cane 
progressively lost in weight and in the quality of its juice. The yield record 
of 1933 and 1938 confirmed this finding because the actual weight on har- 
vesting was found to be 30% less than the yield estimated in October (Khanna, 
1942). In 1950-51 season when certain factories worked as late as second 
week of May, Co 453 a highly cavity forming variety lost as much as 27% 
on weight-basis as against a loss 4-6% in B.O. 11 which normally has a solid 
core. 


That the development of these features is a varietal character, is uni- 
versally known. Some times it is so characteristic of a variety that it can 
be used as one of its diagnostic features. For instance, the stalks of Co 331 
and Co 299 which resemble to a very great extent, those of B.O. 11 and 
Co 513 respectively in their outward appearance, can be easily distinguished 
from them by the presence of a cavity (Khanna and Sharma, unpublished). 
Another well-known phenomenon is that all the varieties develop pith in 
the upper internodes when they pass from the vegetative to the reproductive 
phase. 


As regards the factors influencing the extent of development, Mathur 
(1941, 1942) found that progressive increase in the application of nitro- 
genous manures, resulted in correspondingly greater amount of pith up to 
200 Ib. per acre beyond which it became ineffective. Irrigation, on the 
other hand, was found to retard its formation. At Shahjahanpur, average 
pithiness fell from 6-5% to 4-7% and 4-5% respectively, when irrigation 
were increased from 3-5 in number to 9 and 11. At Anakapalle, however, 
in the same season, no appreciable difference in the amount of pith due to 
different treatments of manure and irrigation was found to be present. Rege 
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(1942) found that additional quantity of potash reduced pith formation 
which was very common in P.O.J. 2878, although ordinarily there did not 
appear to be any deficiency of this constituent in the soil from the stand- 
point of plant growth. Dutt and others (1946) found that varieties like 
Co 213, Co 281, Co 301 and Co 508 which possessed a solid core, trans- 
mitted this character to their progeny when they were crossed with such a 
highly pith-forming variety as P.O.J. 2878. Trivedi (1948) also as a result of 
the study of progeny of four crosses came to a similar conclusion. 


The extent of development of pith and cavity has been estimated in 
various ways by different workers. Sartorius (1935) measured the solidness 
of a stalk by a proportional divider and expressed the diameter of pith and 
cavity in tenths of that of the stalk. Although the method was quick, it 
suffered from one serious defect in that the length of the cavity or pith was 
completely left out of consideration. Venkatraman and Ekambaram (1941) 
suggested that specific gravity of an internode was a fairly reliable index of 
pith formed within. More recently Lakshmikantham (1946) expressed the 
volume of pith within an internode as percentage of that of the latter. He 
determined the volumes of both as if they were cylinders assuming that the 
internode has the same diameter throughout and that pith extended over 
its entire length and was of uniform diameter. Obviously the method had 
very restricted application. Trivedi (1948) improved upon it by splitting 
open the internodes longitudinally and measuring the length of pith and 
cavity. 

III. MATERIAL AND METHODS 


In the initial stages, representative material for these investigations was 
drawn from different trials carried out at the Station to study the effect of 
various factors, on the growth and yield of some of the standard canes in- 
cluding Co 313, Co 331 and Co 513 which were distinctly different from 
one another as regards the formation of pith and cavity. For each variety, 
a sample usually consisted of 15-20 well-developed non-arrowing and out- 
wardly healthy canes. Presence of pith and cavity was noted after splitting 
open all the stalks and percentage of internodes so affected was calculated. 


In subsequent years, for more detailed work, the length of each successive 
internode upto the uppermost one (usually 1-3 cm. long) was noted and 
the internodes were split open along the median diameter* for observation. 


* A stalk of sugarcane has two principal diameters, namely (i) the median passing from front 
to back through the bud and (ii) the lateral from side to side at right angles to the median. The 
cavity which, in a cross-section, appears from a flattened ellipsoid to a wavy circle in outline, has 
been found to have its longest axis in the same plane as the median diameter of the stalk. 
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The extent of development and length of pith and cavity and their location 
were estimated visually, their length being recorded as a fraction of the length 
of the internode. The range of development which varies from a small 
vacuole embedded in the ground tissue to a well formed cavity, covering 
the entire length of the internode and about 4 of its diameter, was divided 
into six classes as follows (Pl. XIX, Figs. 2-4 and Pl. XX, Figs. 5-9). 


0 = Absent. 
I = A few small isolated vacuoles spaced wide apart. 


II = Vacuoles larger in size and closer together: the cavity so formed 
appearing moniliform in shape and the vacuoles retaining 


their identity. 


III = Cavity tubular and rather narrow with or without thick septa 
of ground tissue. 


IV = Well-developed cavity continuous from node to node: and 
without vascular strands within it. 


V = Same as IV but wider and having vascular strands hanging 
loose in it, which sometimes form a pseudoseptum giving it 
an appearance of two parallel cavities. 


VI = Maximum development usually covering 4 or more of the dia- 
meter of the internode. 


The amount of the pith and cavity present in an internode was calcu- 
lated by multiplying the length of internode with the fraction of this length 
covered by them and the class to which they belonged. Expressed as a 


formula it would be as follows :— 


Amount of pith and cavity = Length of the internode x Fraction of the 
length of internode covered by pith and 


cavity x Class. 


Summation of all the figures for the internodes forming a stalk when 
divided by its total length, would give the amount of pith and cavity present 
per unit length and therefore an index for the stalk. As an example one 
of the stalks of Co 313 studied at harvest is given below (Table I). 


The superiority of this method to that followed earlier here would be 
apparent when the effect of nitrogen derived from different sources, on the 
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TABLE I 
Pith and cavity in Stalk No. 5 of Co 313 at harvest (8-2-1944) 


Serial Length Amount 
No. of of the Pith Cavity | Length | Location | Class | of pith 
internode | internode or cavity 
cm. 

1 4-8 Present Whole I 4°8 
2 4-9 Ill 14-7 
3 5°5 Ill 16-5 
4 5°5 Present és Ill 16-5 
5 8-5 II 17-0 
6 8-4 ” ” ” 42-0 
7 8-5 a aS Vi 42-5 
8 8-0 Ill | 24-0 
9 9-3 Present Ill | 27-9 

10 12-2 I 12-2 

11 14-8 Upper Il | 14-8 

13 | 12-0 a Present 4 Upper Ill | 24-0 

14 11-7 4 Ill 17-6 

15 12-1 4 Ill 18-2 

17 a Present Present 4 Upper Ill 17-9 

18 13-6 ni we 

19 | 14-8 Present Present 4 Upper I 19-7 

20 12:5 Whole Ill | 37-5 

Total for 
the stalk 


Pith-Cavity Index for the stalk = 267°8 1.) 
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development of pith and ‘cavity in Co313 was studied in 1944-45 
(Table II). The differences due to various treatments were significantly 


different at 1% level when determined by pith-cavity index, whereas those 
on the basis of percentage of internodes having pith and cavity were found 
to be significant at 5% level only. Obviously the former method was more 
accurate and precise than the latter. As regards methods used by other 
workers, it might be stated that they were not so quick as to be suitable for 
the collection of data large enough for statistical analysis. 


In the ultimate reckoning for a stalk, pith and cavity were treated to- 
gether, primarily because from economic point of view, the net result of 
both the features was interference with the storage of sugar, 


it 
dia- 


TABLE II 
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Comparison of two methods of estimation of pith and cavity in an 
experiment on the effect of nitrogen derived from different 
manures on their formation in Co 313 in 1944-45 in Bhograssan 


Average Total Total Percentage 
: height of | number of | number of of 
Treatment cane | internodes | internodes internodes | Pith-cavity 
| examined | examined with pith with pith index 
/ em. or cavity or cavity 


132 | 56:4 1-20 

m3 1-04 

112 | 50-9 0-79 

105 | 46-9 0-83 

111 45-9 1-17 

136 59-6 1-20 

145 | 62-2 1-39 

G. Mean .. 53°7 1-09 
C. D. at 1% level | 0-38 
C. D. at 5% level | 10-88 0-29 


FaoCgAg== No manure : Control. 
2 = 100lb. of N per acre as F.Y.M. 
C, = 1001b. of N per acre as castor cake. 
A.» = 100Ib. of N per acre as Ammonium sulphate. 
F.C, = 200Ib. of N as F.Y.M. and castor cake. 
F,A, = 200 Ib. of N as F.Y.M. and Ammonium sulphate. 
F,C.A, = 3001b. of N as F.Y.M., castor cake and Ammonium sulphate. 


Bhograssan is the name of a field with fairly heavy soil. 


3. Conclusions: (a) Differences due to various treatments were found to be 
highly significant in the case of pith-cavity index and significant only in that 
of the percentage of internodes having pith and cavity. The former method 
was therefore more accurate and precise than the latter. 


At 5% level for percentage of internodes having pith and cavity. 
F,C,Aq, FoCoAo, FoCoAo FoCoAc. 


(b) At 5% level for pith-cavity index. 
FxC2Ag, FoCgAo, FeCeAo, FoCoAe, 


4, Out of seven treatments, four occupy the same position in both the reckonings. 
One is moved downwards by one and another by two positions. The only 
major displacement is in the case of F,C,A, which has been pushed forward 

by three places in the scale of pith-cavity index. 
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Hand sections of suitable material were made into permanent mounts 
for the study of the initiation and development of pith and cavity. 


ITV. OBSERVATIONS AND EXPERIMENTS 


A. Pith and cavity—As already stated, pith consists of columns of 
loosely packed parenchymatous cells, more or less dry or dead or dying 
depending upon the stage of its development. Vascular bundles within 
pith which is dull cottony white in colour, appear as opalscent dots when 
seen in a cross-section of the stalk (Plate XIX, Fig. 1. Co 331), while they 
are usually cream-coloured and more or less concolorous with matrix in 
a solid-cored stalk. As disintegration. proceeds, the loose parenchyma due 
to further drying shrinks giving place to a cavity which is therefore more 
often than not surrounded by pith. Vascular bundles, composed as they 
are of lignified tissue, and at least a layer of parenchymatous cells sur- 
rounding them resist desiccation and are left dangling as strands of tissue 
in the hollow space so created (Plate XX, Fig. 8). It is not necessary that 
the formation of a cavity should always be preceded by pith, as was the case 
in Co 419 (Plate XIX, Fig. 1) in which parenchymatous ground-tissue deve- 
lops a cavity without undergoing all the stages of pith formation. 


B. Occurrence.—The fraction of the length of an internode covered 
by pith and cavity, the number of internodes of a stalk having these features 
and the class to which they belonged, appeared to be all linked together. 

' In other words, Classes I-VI progressively covered larger amount of storage 
tissue within an internode and greater number of internodes as well in a 
stalk. Thus cavity and pith of Class I and II would be found more often 
than not in the middle portion of internodes while Class III would usually 
occur in their lower one-third. As regards the number of internodes affected 
by these three classes, it would show a progressive increase. Classes IV-VI, 
on the other hand, extended usually from node to node and would be pre- 
sent in much greater number of internodes. A statistical analysis of the 
extent of development of pith and cavity expressed as pith-cavity index and 
as percentage of internodes in a stalk having them, showed that the correla- 
tion coefficient was significant at 1% level, it being as high as + 0-7353, 
+ 0-8675 and + 0-8710 respectively for Co 313, Co 331 and Co 513 which 
amongst themselves represented all the three categories of varieties so far as 
the development of pith and cavity was concerned (Table III). 


The correlation found to exist between the extent of development of 
pith and cavity in an internode and their occurrence in internodes of a stalk 
was further supported by the results of an experiment, already referred to 
under ‘ Material and Methods’. It would appear that of seven treatments 
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four occupied, in respect to both, the same position, namely Ist, 2nd, 3rd 
and 7th, there being only one major displacement (Table II). 


Amount of pith and cavity varied from internode to internode within 
the same stalk. In a non-arrowing stalk of varieties like Co 213 and Co 313 
which were prone to develop pith and cavity, the internodes in the lower 
and middle portions would have cavity often surrounded by pith in varying 
degrees. Its amount decreased progressively from below upwards in the 
middle one-third and was more or less completely replaced by pith in a few 
of the internodes of the upper one-third. The uppermost two-three 
internodes were, however, completely free of both. In solid-cored varieties, 
e.g., Co 393 and Co 513 in adverse circumstances, a few vacuoles, however, 
would make their appearance in the basal internodes. But in the case of 
an arrowing stalk, formation of pith was greatly enhanced, irrespective of 
whether a stalk belonged to a solid or cavity-forming variety more so in the 
latter. Internodes of the upper one-third of such a stalk would have nothing 
but pith within. In a variety like Co 331 which developed these undesirable . 
features under ordinary conditions of growth, almost all the internodes of 
arrowing as well as non-arrowing stalks had cavity surrounded by pith, 


Some times the uppermost one or two of the internodes in non-arrowing 
stalks did not develop them. 


Within a variety, no appreciable difference as regards the development 
of pith and cavity was found in stalks of the same age. In a highly cavity- 
forming variety like Co 331, a few of upper internodes of shoots formed late 
in season would be more or less free of both, whereas those of the earliest 
to appear would have these undesirable features right upto the top. Simi- 
larly when its mother shoots were examined in pre-monsoon period (June- 
July), the uppermost internode would not show pith and cavity, but the 
lower ones would have both of them in full measure. It would therefore 
appear that the age of the stalk as well as that of an internode was one of 
the important causative factors in a variety where cavity was its common 
feature. 


That the extent of development of pith or cavity or both is a varietal 
feature has been universally recognised. Some varieties, e.g., Co 285 and 
Co 331, showed consistently a high pith-cavity index year after year while 
Co 393 and Co 513 were at the bottom of the index-scale (Table IV). Co 213 
and Co 313 occupied an intermediate position between the two groups. 
The cavity-forming varieties were also different from one another in that 
Co 331 developed both pith and cavity more or less in equal measure whereas 
in Co 285 and Co 421, pith was the dominant of the two. An extreme case 
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in which pith was found in four times as many internodes as cavity, was 
noted in Co 356. Predominance of pith in this variety appears to have been 
inherited from its mother, Sorghum durra Staff. The presence of one to 
the exclusion of the other was never met with in a variety which normally 
forms pith or cavity. In Co 419 a solid-cored variety which did not flower 
in Bihar, cavity unaccompanied by pith was, however, sometimes met with. 
On the other hand, Co 393 another solid-cored variety which arrowed rather 
profusely in certain seasons in this State, developed pith without forming 
any cavity in upper internodes of even non-flowering stalks. 


C. Origin and Development.—As already stated, the development of 
cavity is preceded by the formatidn of pith which has its origin in inter- 
cellular spaces formed schizogenously due to changes in their outline. Just 
below the growing point, they are polygonal or squarish in shape and so 
closely packed together that their walls are in tight contact with one another 
without any space between them. Subsequently when rapid changes take 
place, they acquire a roundish or oval shape and their walls get separated 
especially at corners where intercellular spaces, triangular or quadri-angular 
in outline in a cross-section, are formed (Plate XIX, Fig. 1). 


With further increase in the size of cells, these intercellular spaces also 
enlarge and become distinctly visible under low magnification in an internode 
(about 1 cm. in diameter and about 2-3cm. in length) which often bears 
the standard leaf* of the stalk (Plate XXI, Fig. 2). In a cavity-forming 
variety, they further increase in size and the central portion acquires a sort 
of opalescence which slowly turns into cottony dull whiteness as the forma- 
tion of pith proceeds (Plate XXII, Fig. 5). These various stages of pith- 
development are found in successive internodes of the same stalk as well. 


In a longitudinal section, the intercellular spaces, prior to the appear- 
ance of opalescence, would appear as slits between adjacent rows of cells 
(Plate XXI, Fig. 3). Later on, with the progress of pith formation, cell 
walls dissociate further and the slits deepen to meet one another. Slowly 
the space so created between two columns of cells becomes continuous with 
similar spaces formed between other adjacent columns of cells (Plate XXI, 
Fig. 4 and Plate XXII, Fig. 5). It is at this stage that the ground tissue 
appears opalescent. Further large-scale coalescence of these composite 
spaces which surround columns of cells or a group of such columns, together 
with the resultant drying of these cells, gives to the central portion of the 
stalk a dull cottony appearance, so characteristic of pith. 


* A standard leaf is one which has the highest visible dewlap or transverse mark. 
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Being surrounded on all sides by air, parenchymatous cells forming 
the matrix are cut off from fresh supply of nutrient material, and in due 
course, they dry up and die. Their walls undergo physical disintegration 
(Plate XXII, Figs. 6 and 7) and space so created adds to the size of those 
already present. Term “ Cavity” is applied to them when they become large 
enough to be visible to the naked eye. 


Vascular bundles surrounded by the disintegrating parenchyma are, 
however, able to withstand this general disorganisation of tissues. They 
hang loose in the cavity-like thin strands and remain functional for long 
time to come. Parenchymatous cells immediately surrounding them also 
escape drying and consequent death because they get their requisite nutri- 
tion from them (Plate XXII, Fig. 8). 


It might, therefore, be stated that cavity which in the ultimate analysis 
has its origin in innumerable minute intercellular spaces and develops through 
further separation of cell walls brought about by increase in size and change 
in shape of cells is schizogenous in origin and ‘ pith’ is just an intermediary 
stage between the microscopic intercellular spaces and a cavity visible to 
the naked eye. Where the amount of storage tissue involved is not large, 
as is the case in Co 419 (Plate XIX, Fig. 1), ‘ pith’ stage is omitted. Also 
their development was a continuous process which was initiated with the 
formation of intercellular spaces in all varieties but was arrested at its 
different stages of development, depending upon the various factors internal 
as well as external. Thus in Co 513, it was not allowed to proceed beyond 
the initial stage of intercellular spaces which are a normal feature of all plant 
tissues. Co 419 represented the next stage where these intercellular spaces 
became sufficiently large to interfere with uniform diffusion of light from 
a smoothly cut surface with the result that they gave an opalescent appear- 
ance to the ground tissue. In Co 356 the enlargement of these spaces was 
carried still further to convert the matrix into cottony white pith. It reached 
its maximum development in Co 331 in which there was physical disinte- 
gration of cell walls to form a cavity due to desiccation. 


V. SUMMARY 


1. Owing to the scattered arrangements of vascular bundles in mono- 
cotyledonous stem, there is no pith homologous to that found in Dicots. 
Cavity in stem, however, is a normal feature in some hydrophilous or shade- 
loving plants of both the groups. 


2. In sugarcane, pith has acquired a specific meaning and together 
with cavity is an undesirable feature as both of them affect the economic 
value of the stalk. In a pith and cavity-forming variety, it not only suffers 
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in weight and quality of juice, in the standing crop, but also deteriorates 
more rapidly during transit and storage compared to a solid-cored variety. 


3. Development of pith and cavity to a great extent is a varietal feature 
the magnitude of which has been found to vary with several external factors. 
Their precise role is little understood. Nor is there any unanimity as regards 
the methodology of their estimation. 


4. The development of pith and cavity is traced from the initial stage 
of intercellar spaces right up to the formation of a large cavity which is 
therefore schizogenous in origin. 


5. A precise method for the proper estimation of their magnitude is 
given. The estimate so made was found to be highly correlated with the 
number of internodes having pith and cavity, the correlation coefficient for 


Co 313, Co 331 and Co 513 respectively being + 0-7355, + 0-8675 and 
+ 0-8710. 


6. Co 331 and Co 513 were respectively the greatest and the least 
cavity-forming varieties among those studied, while Co213 and Co 313 
occupied an intermediate position. Co 285 also formed large cavities which 
were accompanied by more of pith than in Co 331. Co356 and Co 421 
were more akin to Co 285 as the formation of pith dominated in them also. 
Co 393 and Co 419 were solid-cored. Arrowing always produced pith in 
upper internodes even in solid-cored varieties as well. 
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EXPLANATION OF PLATES 
PLATES XIX AND XX 

Fics. 1-9.—Fig. 1. Co 331 shows the formation of pith which is cottony white in appearance 
with tiny islands representing vascular bundles and living parenchymatous tissue surrounding 
them. In Co 419, a minute cavity has developed without being preceded by the formation 
of pith. Figs. 2-9 show the various classes of pith-cavity development. Fig. 2. Class 0; 
Fig. 3, Class 1 ; Fig. 4, Class 2; Fig. 5, Class 3 with septa ; Fig. 6, Class 3 without septum ; 
Fig. 7, Class 4; Fig. 8, Class 5 and Fig. 9, Class 6. 

(Photographs not to the same scale) 


PLATES XXI AND XXII 


Fics. 1-8.—Showing various stages in the formation of pith and cavity. Fig. 1. T.S. of parenchy- 
matous tissue showing intercellular spaces ; the initial stage. Fig. 2. T.S. of parenchy- 
matous tissue which has acquired opalescence due to the presence of air in the enlarged 
intercellular spaces. Fig. 3. L.S. of the initial stage. Intercellular spaces appear as slits 
between columns of cells. Fig. 4. L.S. of opalescent stage. Slits have deepened and joined 
together. Fig. 5. T.S. of parenchymatous tissue which is cottony white in appearance. 
Cells have started collapsing ; the ‘ pith’ stage. Fig. 6. T.S. of the next stage in which the 
cell-walls are disintegrating. Fig. 7. A magnified portion of Fig. 6. Fig. 8. T.S. of a 
vascular bundle surrounded by living parenchymatous cells. 

(Magnifications: Figs. 1 and 2, x35; Figs. 3 and 8, x90; Figs. 4 and 6, x20; Figs. 5 and 7, 
x 50). 
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A REMARKABLE ORGANISM, TELEGAMATRIX 
PELLONA gen. et sp.nov. (MONOGENEA: DIPLECT- 
ANINAE) PARASITIC IN AN INDIAN HERRING 


By K. RAMALINGAM 
(Research Scholar at Central Marine Fisheries Research Station, Mandapam Camp P.O., S. India) 


Received September 17, 1955 
(Communicated by Dr. N. K. Panikkar, F.a.sc.) 


IT is seldom that an entirely novel animal is found, but Telegamatrix seems 
to be a unique example in evolution of what would appear to be an ideal 
copulatory arrangement for a sedentary hermaphrodite, whether animal or 
lower plant. Yet no parallel example comes to mind from either kingdom. 
Here we have hermaphrodite worms copulating at a distance by means of 
a tentacle containing two-way ducts (Plate XXIII, B). 


The tentacle is asymmetrically placed near the hind end of the body 
proper, it is flexible and contractile, as are also the ducts within it; the com- 
plementary apposition of its tip to that of a neighbouring worm is nicely 
secured by the bent flanges of the sclerites bordering the juxtaposed male 
terminalia and the (distal) vaginal aperture (Fig. 3). It may, therefore, be 
withdrawn and used again in another direction when occasion demands. 
A further refinement, for steadying the tips prior to union, is a mutual twist- 
ing of the almost thread-like tentacles (Plate XXIII, A): an understandable 
precaution, in the face of the disturbing currents in the gill-chamber of these 
active fishes.. The locating of the partner and the accurate accouplement is 
an intricate process of which we have seen only the fait accompli, since these 
monogenea were found some time after the death of the host, and on only one 
occasion: on the gills of Jlisha [Pellona] indica (Swains.), at Madras. 


BIOLOGICAL SIGNIFICANCE OF THE COPULATORY TENTACLE 


No similar arrangement for copulation at a distance exists elsewhere 
in either monogenetic or digenetic trematodes, though its efficacy is obvious 
for the former, since it obviates the hazard of leaving the foothold and 
maneuvring into close proximity to a partner on a slender gill-filament. 
Like other Gyrodactyloidea, however, Telegamatrix can move looper- 
fashion from one feeding site to another, and secured by its posterior haptor 
(here, in addition to the usual marginal hooklets and two pairs of anchors, 
there is a dorsal and ventral lamellate friction-pad, Fig. 2); it can swing in 
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almost a complete circle for browsing on adjacent gill-lamelle: hence the 
name of the superfamily and family (Dactylogyride), both of which mean 
‘ gyrating finger’. 


At first sight, this novel device may recall that unique condition of 
permanent copulation seen in Diplozoon, but the morphology and biological 
implications there are very different: the post-larval ‘diporpa’ become 
attached in pairs by a median genital sucker which forthwith becomes 
absorbed, and there is an intimate anatomical fusion of the genital atria and 
deep penetration of the complementary genital ducts into the appropriate 
lumina of the partner, also there is a complete fusion of the somatic tissues 
in the genital field at the region of cross-over. Thus, the pair becomes a 
double individual: reducing the effective distribution of the population by 
half. Therefore the only advantages to the Diplozoon-stock are that an 
effective and economical fertilization is insured, and that double the number of 
the rather large eggs are produced than if the worms were unisexual. 
Telegamatrix, on the other hand, reaps these advantages of hermaphroditism 
without having to pay the penalty of halving the effective distribution of the 
stock, for each member is a free individual after copulation, in the normal 
way. Genetically, there is also a possible advantage, for a second fertiliza- 
tion may take place with a different mate. Somatically, the advantages are 
that injury to one of the pair need not jeopardize the other (in Diplozoon if 
not killing the other, chances of subsequent fertilization would be ruined). 
Secondly, there is no loss of mobility or restriction of the feeding site, as there 
is with the two bulky Diplozoons, in which the heads point in opposite 
directions and in which there is no provision for co-ordinated movement— 
they are continually tugging at cross-purposes—the partners competing 
for their common sector of browsing ground, and the peripheral sector is 
obscured by the body of the other. In Telegamatrix there are no such 
limitations, and the full benefits of hermaphroditism are enjoyed, with the 
additional advantages that copulation at no time involves invasion of the 
feeding territory of another worm (for the tentacle reaches well beyond the 
feeding-site), and the hazards of a mating migration are removed. 


It is therefore very surprising that such a device is not common in 
Monogenea, also that it has not been evolved more than once in other groups 
of sedentary hermaphrodites, such as those exposed to strong currents or 
wave-action in the littoral zone. Or again, those living in more or less 
dense environments where movement of the whole body from the niche is 
laborious and hazardous, for example, commensals in sponges and the like, 
mud- and sand-burrowers and especially for parasitic forms in adjacent 
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parts of soft tissues, or in turbulent internal lumina of higher animals. It 
would seem to be an ideal arrangement for Bryozoans. 


While the male terminal organ is often greatly elongated in hermaphro- 
dites as well as in unisexual animals, we cannot recall an instance of the 
female receptive organ being elongated to a comparable extent. In sedentary 
hermaphrodites, the siphon-like male duct is usually for discharging the 
sperm in jets, well away from the parent, and seldom as an intromittant 
organ for the economy of. sperm. If they exist, cases must be very rare 
where the female system co-operates in securing fertilization and economy 
of sperm [one case is that of female Argulus (Branchiura), though there is, 
of course, no elongation of ducts in either sex—Sproston, unpublished mono- 
graph on Argulus—in which is described the ‘ apron’ of the female aiding the 
charging of the spermathece, and their controlled discharge during auto- 
fertilization]. Moreover, in Gyrodactyloidea, it is unusual for the vagina 
to be associated in any way with the male duct: the latter invariably opens 
in an anterior median ventral field, whereas the vagina is farther back and 
lateral: in the Diclidophoroidea it is usually dorsal; whereas in Telega- 
matrix the vas deferens and vagina, though having separate musculature, are 
closely associated throughout their enormously elongated distal course. In 
spite of the unique modifications in Telegamatrix, all associated with exchange 
of gametes at a distance, it is here placed provisionally in Gyrodactyloidea, 
subfamily Diplectanine, on the basis of the lamellate friction-pads on the 
haptor. 


In the Archegoniate among the lower plants, both male and female 
organs can have long necks, but here, as in most animals, there is prodigious 
wastage of sperm; in cleistogamous flowers there is economy, but at the 
price of self-fertilization. In the Orchidacez, conservation of pollen is 
combined with fertilization at a distance (where the entire andrecium is 
transferred on the back of a bee over relatively vast distances), we have a 
remote analogy with the process in Telegamatrix. Only one instance comes 
to mind among the plants where the gynecium is extended on equal terms 
to meet the andrecium: in the lower ascomycetous fungi, in Erysiphales 
(white leaf-mildews) there is a mutual twisting of the male and female hyphe 
in the formation of the ascocarp, and though all the gametic material is 
utilized, the fusion is permanent, and of course only one group of spores 
results. Nor are the conjugation tubes of the Zygnemacee (such as in 
the well-known green alga Spirogyra) comparable with the device in this 
organism, since again the transfer is only in one direction, and the length 
of the conjugation tubes is relatively so short, as it is also in the ““ H ”’-pieces 
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and clamp-connections of some of the higher fungi. The biological effect, 
however, is analogous to the conjugation in some Ciliata, for example, 
Paramecium, where there is a temporary union, during which there is 
an exchange of micronuclear material, though in no case is there an inter- 
vening siphon of any length; such might be within the scope of some of 
the colonial Suctoria, but in fact they utilize peritrichous motile conjugants. 


THE MATERIAL AND ITS DESCRIPTION 


During the extensive studies on monogenetic trematodes of the fishes 
of Madras (1949-52; embodied in my Thesis for M.Sc. Degree) the present 
anomalous forms were collected from the gills of Jlisha [Pellona] indica 
(Swains.), but set aside for subsequent examination and confirmation. Since 
no further material could be found from the same host, either at Madras or at 
Mandapam, I have been encouraged; in view of its great biological interest, 
to publish a preliminary account of the material in hand. There are 14 
individuals, 10 of which are in couples; these are mounted in balsam on 
slides, and cotypes will be deposited in the collections of the Zoological 
Survey of India (Calcutta), and in the Department of Zoology, University 
of Madras. 


Fics. 1-3. Telegamatrix pellona gen. et sp. nov.—Fig. 1: Ventral view of whole worm. 
F ig. 2: Haptor, dorsal view. Fig. 3: Distal end of copulatory tentacle. gub, gubernaculum; 
“penis; p.c.i, penis collar, inner; p.c.o, penis collar, outer; 1, testis; v.d, vas deferens; vg, 
"agina; vg.a, vaginal aperture; vg.c, vaginal collar; v.s, vesicula seminalis. 


These are small dactylogyrids, even on extension measuring only 
1-074 mm., while contracted fusiform individuals are only 0-53 mm. long, 
the width varying from 0-15-0-183mm. There are three pairs of head 
organs, unusually large cephalic gland-cells, and four eye-spots, the posterior 
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pair being only slightly farther apart than the anterior, situated as usual 
just anterior dorsally to the pharyngeal field. The gently tapering posterior 
end, splays abruptly into the haptor; a triangular region 98 to 120% wide 
and 49 to 71» long, kept rigid by three relatively massive transverse bars 
(Fig. 2); two lateral, 47 to 51 long with their wider ends articulating in 
the middle line and at the same time curving slightly ventrally and backwards, 
their condyls having a curved ridge which is extended postero-ventrally into 
a short horn-like spine projecting through the haptoral margin (acting as 
an accessory marginal pair of hooklets) either side of a median distal adhesive 
gland; the median boat-shaped ventral bar, 51 to 62 long, underlies the 
inner parts of the laterals, but the condylar spines of the latter project just 
beyond its lower edge (at first sight appearing to arise from it, much as those 
figured by Yamaguti in Pseudolamellodiscus sphyraene; Yamaguti 1953, 
pl. V, fig. 19). At the two ends of the haptor are the relatively large 
and similar anchors, ‘ Y ’-shaped, with equal roots and a finely tapered 
hook, which is bent at only a little less than a right angle to the shaft and 
about a third its length. The anchors do not, apparently, actually articulate 
with the outer ends of the lateral bars, but doubtless borrow leverage from 
it, situated as they are, one on either side of each extremity, the hook pro- 
jecting through its respective haptoral surface; the ventral anchors are 
slightly external to the dorsal pair; their length (from the tip of the roots 
to the tangent of the hook) is within the range 30 to 49. The usual seven 
pairs of minute, sickle-shaped, marginal hooklets are present, and they are 
all alike. 


The lamellate friction-pads (‘‘ lamellodiscs’’, corresponding to the 
“* squamodiscs”” of Diplectanum and other genera) occupy the apical third 
of the haptor dorsally and ventrally. They are about 29, long and 33, 
wide, and consist of a pile of some 7 to 10 “ B”’-shaped cuticularized 
lamelle, the lobes projecting beyond the surface of the haptor and their 
straighter edges fused to a double rib buried within it—like a series of little 
shelves, each smaller than the lower; the top one, only slightly lobed, being 
about half the diameter or less, of the basal one. There are strong longi- 
tudinal muscles attached to the lamelle proximally, continuing forwards 
in the dorsal and ventral body-wall, those on the ventral side are continuous 
with the tentacle (Figs. 1 and 4) which also receives bundles from the lateral 
muscle-band from the left anchors (Fig. 1). Haptoral glands in the form 
of polygonal cells are present on either side of the haptoral stem; a con- 
spicuous vesicle, median in position, is also present in between the glands 
and its contents are of a colloidal nature. A similar series of graded paired 
curved blades is described for Lamellodiscus typicus Johnst. and Tiegs, 1922 
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(genotype); other species, described from Celebes region by Yamaguti 
(1953) have lamellodiscs like nests of thin cups, or a ring of inter-locking 
cones, with an adhesive gland in the centre; but in Lamellodiscus convolutus 
Yamaguti (1953, pl. vi, fig. 22) the lamellodisc is shown as a pile of oval 
plates, probably similar to those of Telegamatrix pellona sp. nov., but not 
lobed. 
vit.d 
59 v.8 


| t 


Pr 
Fic. 4: Telegamatrix pellona, showing the gonads and the genital ducts. pr.a, prostatic 
gland-cells, anterior; pr.p, prostatic gland-cells, posterior; s.g, shell gland; im, tentacle; vit.d, 
vitelline duct. (For other labels see legend to Figs. 1-3.) 


The mouth is subterminal in the ventral pre-ocular zone, and after a 
short buccal or pre-pharyngeal canal, leads to the spheroidal muscular 
pharynx (54 to 68 by 41 to 75); an csophagus is apparently lacking, 
the gut branching almost immediately into simple crura which are confluent 
posteriorly, in front of the gonadal fields. The inter-crural field is com- 
pletely obscured by a mass of vitelline follicles, which also overlie the crura 
both dorsally and ventrally, and another mass occurs between the gonadal 
zone and the haptoral stem. 


The gonadal zone lies about three-fifths of the distance from the anterior 
end of the worm, and it is from the side of this zone (usually the left) near 
its middle, that the copulatory tentacle arises, bearing at its tip the copulatory 
complex of cuticularized sclerites. It is as if a normally situated group of 
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terminal genitalia had been pulled backwards, ventrally and to the right, 
carrying with them the usually anteriorly placed ovary and vaginal duct, and 
folding them down again in the post-intestinal region. In any event, in 
Telegamatrix the testis is in a most unusually distorted position near the 
right margin, and the ovary and associated structures lie behind it; a 
unique orientation in Gyrodactyloidea, but for the partial exception of 
Thaparocleidus Jain, 1952. 


The compact ovoid testis (49 » by 39 n) lies on the extreme edge of the 
body, usually on the right side, slightly anterior to the origin of the tentacle 
which is on the opposite side of the body (usually left, subventral); the 
vas deferens is short and leads to a similar sized vesicula seminalis imme- 
diately anterior and dorsal to the testis; thence arises the thick muscular 
ductus ejaculatorius, receiving, as it takes its forwards and backwards turn 
across the body, ducts from the anterior prostatic gland-mass, which is 
situated in the median field alongside the testis and slightly behind it (where 
the gland-cells are pyriform and larger); the ductus ejaculatorius arches 
backwards as a conspicuous band of longitudinal muscle fibres, following 
the body margin of the left side till it reaches the base of the tentacle, which 
it enters along with the vaginal duct just behind it. In the anterior angle 
of the base of the tentacle is the main part of the posterior prostate gland, 
though some of its larger cells, and vesicle, appear to be consistently just at 
the side of and behind the origin of the tentacle (Fig. 4, pr.p). 


The vaginal duct is also highly muscular, the outer layer, at least, being 
longitudinal; within the tentacle it is about the same diameter as the ductus 
ejaculatorius, though it may be constricted at intervals and granular material 
(? foreign sperms) seen in the lumen, suggesting an inner layer of circular 
muscle fibres. The ductus ejaculatorius, on the other hand, seems to depend 
mostly on its longitudinal fibres, for at least near its distal end it is frequently 
thrown into zig-zag bends. The tentacular sheath has an outer layer of 
circular muscles which are conspicuous at its base, but in the extended state 
the longitudinal fibres are more obvious along its length. 


The copulatory complex at the tip of the tentacle (Fig. 3 and Pl. XXIII, C) 
consists of two flanged collars which are more or less spirally ridged inter- 
nally, the distal vaginal collar narrows to the reniform aperture of the vaginal 
canal (Fig. 3, vg.a); the proximal is double, the outer part (outer penis collar) 
similar in outline to the vaginal collar (since in copulation it must interlock 
with it), but the lower collar (inner penis collar, and probably a spiral conti- 
nuation of the outer) is buried obliquely below, and through both projects 
the fleshy penis, or end of the ductus ejaculatorius. There is an ‘ accessory 
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piece’, which could more aptly be called the gubernaculum, since it acts as a 
governor, regulating the sperm-flow into the penis (not a cirrus since it is 
apparently not eversible); the gubernaculum is double hammer-headed 
and somewhat twisted, highly cuticularized (brightly refractile with a zig-zag 
closed cavity) and placed so that one head overlaps the outer collar, and 
one the inner (Fig. 3, gub), the “ knee”-bends in its axis articulating with 
the rims of the collars, as fulcra, so that it may rock alternately, proximal 
or distal end downwards. For instance, in the first action when the distal 
head is drawn downwards, the lifting of the proximal head releases stricture 
on the duct within the inner collar, permitting seminal fluid to pass as far as 
the now depressed distal head; in the second part of the action, the guber- 
naculum would rock backwards and the proximal head would engage on the 
ductus, preventing further release of the main stream, and at the same time 
permitting the escape of the “ pinched-off” column of fluid into the penis 
itself. This is an ingenious mechanism for producing jets of seminal fluid 
and conserving the supply, probably forthcoming at considerable pressure 
in the muscular ductus ejaculatorius. The mechanism, though complex, 
is obvious in Telegamatrix, and it would be interesting to deduce the action 
of the accessory-piece or gubernaculum in other Dactylogyride, which 
show a great variety of structure in the sclerites of the male terminalia, but 
which are seldom as unobscured as in the present case. 


The ovary is considerably larger than the testis which it immediately 
follows: the dense rounded proximal portion appears spheroidal in less 
mature worms than that of Fig. 4, thence it widens and curves dorsally 
twisting to the right and then sharply to the left, where the shell-gland is 
situated and the confluent vitelline ducts from the anterior body meet the 
posterior single vitelline duct, and the vaginal canal originates. The length 
of the ovary varies from 84 to 155, and its width from 38 to 43. The 
uterus limits cannot be made out clearly, but to the left of the shell-gland 
complex a number of large ovules with clear nucleus can be seen scattered 
anteriorly and laterally, opposite to and behind the origin of the tentacle, 
so the uterus may follow this course, along which immature eggs have been 
forced by pressure in mounting; indeed, in two specimens, ovules are seen 
emerging from an aperture in a cuticular fold some little way behind the 
base of the tentacle; this is taken to be the uterine pore, but unfortunately 
in no specimen is there a vestige of an egg-shell; the largest uterine ovules 


are 14 in diameter. 
SYSTEMATIC DISCUSSION 


Apart from the reversed orientation of the gonads, and the removal of 
the copulatory complex from the usual anterior position near the intestinal 
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i bifurcation to the end of the long muscular tentacle, Telegamatrix agrees with 
; Lamellodiscus, in the Dactylogyrid subfamily Diplectanine, where the 
1 friction-pads are lamellodiscs, and not squamodiscs (concentric rows of | 
2 scales or rods placed end to end, or more or less continuous concentric : 
rT lamellz) as they are in the five other genera (Sproston, 1946, & Yamaguti °53). 
h The possession of the copulatory tentacle and reversed gonads may be quali- | 
1 fications for the erection of a higher taxonomic category than genus, since there 
1 is no parallel to this in the entire class, but for the present, the creation of a 
e new genus will suffice, though this will imply appropriate emendation of all 
S the existing higher taxonomic categories to allow for these anomalies. 
f= Generic Diagnosis——Diplectanine with an elongated copulatory 
ae tentacle and post-testicular ovary. Three pairs of head organs and 
- copious gland cells in pharyngeal zone; intestinal crura simple and — 
” confluent in pre-gonadal zone. Haptor shape typical of family, with 
id dorsal and ventral lamellodiscs and three haptoral bars; a similar 
re dorsal and ventral pair of anchors, and seven pairs of marginal hooklets 
x, of uniform type. Gonads in posterior third of body proper and behind 
bn the intestinal zone; single testis with ‘immediately anterior vesicula 
ch seminalis; two not very compact areas of prostatic gland-cells, and 
jut an enormously elongated ductus ejaculatorius running through the 
muscular tentacle, opening in a penis just behind its tip which is 
ely guarded by two cuticularized collars, the proximal one obliquely im- 
ess bedded and weaker, their rims support a gubernaculum for regulating : 
lly the flow of seminal fluid. Muscular vaginal duct accompanies the male 
is duct in the tentacle and opens at the tip under a flanged cuticularized 
the collar which interlocks with the similar male (outer) collar of a partner 
eth worm when the tentacle tips are apposed. Ovary large, in post- 
The testicular field, coiled towards tentacle base; oviduct indeterminate 
and and the shell-gland complex more or less imbedded in distal expanded 
red part of ovary; uterus probably a single coil up to near testicular field 
cle, and back, to open on left side just posterior to tentacle-base. Vitellaria 
een completely filling intercrural field and obscuring intestine from its 
een bifurcation to confluence, and serving the shell-gland by Y-shaped 
the collecting ducts anteriorly, and posteriorly a single duct from the mass 
tely of vitellaria in post-gonadal and prehaptoral zone. No shelled eggs 
ules seen. Worms united by tentacle tips over distances usually greater 


than half the length of the worm; tentacles of all worms in copula show 
a mutual twist in their distal half, but union apparently only temporary. 
il of Parasites on the gills of marine fishes, 
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A monotypic genus typified by Telegamatrix pellona gen. et sp. nova, 
from the gills of Ilisha indica (Swains.) from Madras. 
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EXPLANATION OF PLATE 


Telegamatrix pellona gen. et sp. nov. 
A. Single worm, entire (see Text-Fig. 1). 

B. Two worms in copula. 

C. Distal end of copulatory tentacle (see Text-Fig. 3). 
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PATHOLOGICAL STUDIES OF PESTALOTIA 
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INTRODUCTION 


Pestalotia has been observed on various parts of trees and has also been 
associated with storage rots of fruits. 


It has been reported from many parts of the world. Averna Sacca (1921) 
reported it from the state of Sao Paulo. Manns and Adams (1925) from 
U.S.A. Wardlaw named Pestalotia leprogena as the casual organism of leaf 
spots of bananas in Trinidad. Shen (1932) and later Yu (1940) found that 
P. congensis caused brown spots on the leaves of ‘loquat’ in China. 
Mundkar and Keshwala (1942) observed a species of Pestalotia on citrus 
leaves in India. Kidd and Beaumont (1924) reported P. hartigi on stored 
apples in England. Tandon, Singh and Grewal (1952) studied leaf spots 
of ‘litchi’ while Tandon and Tandon (1948) carried out some investigations 
on diseases of apples and guavas caused by P. malorum and P. psidii, res- 
pectively. 


Besides the above mentioned fruits, Pestalotia has been observed on 
a number of hosts of great economic importance. They include cocoanuts, 
tea, coffee, cocoa, pepper, camphor, cloves, wheat, barley, eucalyptus, rubber, 
cedar, cycas, etc. 


Although Pestalotia mangifere was reported to cause a disease of 
Mangifere indica in the Dominica Republic (Ciferri and Gonzalez, 1926) 
as well as in Ceylon (Park, 1932), the pathogenicity was not established by 
any of them and even the symptoms were not fully described. Tandon 
observed it at Allahabad and also collected it from Raj Bhawan at Madras 
where it was causing severe damage to a number of young mango plants. 


Mango is an important fruit of India and is found growing all over the 
country. Pestalotia infection does not kill the plant entirely but the capa- 
city of the tree to synthesize its organic food material is undoubtedly reduced. 
No detailed account of the total amount of loss incurred has been estimated. 
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Guba (1929), however, states that “ very little, if any, importance is to 
be attached to the published reports of the parasitism of species of Pestalotia 
on plants, since, as a rule, they are found on organs that have perished from 
other causes, and are usually associated with other parasites and saprophytes”’. 
In his opinion the interest presented is mostly taxonomic. This view, per- 
haps, has greatly contributed towards the neglect of pathological studies of 
this genus. The investigations of Tandon and Tandon (i.c.) as well as of 
Tandon, Singh and Grewal (/.c.), however, conclusively establish the patho- 
genicity of some of the species of Pestalotia. 


Practically no work has been done on P. mangifere. It was, therefore, 
decided to undertake a detailed investigation of this organism. The results 
of the pathological studies only have been included in this paper. 


MATERIAL AND METHODS 


Artificial inoculations of P. mangifere were tried on various parts of 
trees at different stages of growth and development. Both the injured and 
uninjured portions were used for this purpose. Controls were maintained 
under identical conditions. 


The areas on which inoculations were made were first washed thoroughly 
with sterile distilled water and they were then wiped with 90% alcohol so as 
to disinfect the inoculatory surface and to remove all sources of foreign 
material. 


The inoculations on the leaves and stem were made by the following 
methods :— 


1. By spraying with spore suspensions. 
2. By spraying with germinating spore suspensions. 
3. By mass inoculation. 


Granger and Horne’s method (1924) with slight modification was used 
for inoculating the fruits. Healthy fruits were washed thoroughly with 
sterile distilled water and rinsed with 90% alcohol. A sterile cork borer 
0-3 cm. in diameter was then thrust into the fruit up to a depth of 0-5 cm. 
By this method a plug of mango flesh was removed. The inoculum was 
then quickly placed in the resulting cavity of the fruit and the plug was 
replaced by gently pushing it back with the help of a thin sterile glass rod 
passing through the cork borer. The whole area was again sterilized by 
rubbing it gently with a cotton pad soaked in 90% alcohol. The plug was 
then sealed with a mixture of bees-wax and paraffin. The fruits were stored 
in glass chambers for observation. Ridgeway’s colour standards and colour 


Pathological Studies of Pestalotia mangifere 221 


nomenclature (1912) was used for determining the colours of the infected 
leaves and fruits. © 


OBSERVATIONS 


A. Symptoms on leaves.—P. mangifere develops light brown spots 
on the lamina of mango leaves. These spots may develop from the margins 
or from the tips (vide Plate XXIV, Fig. 1 A, B), but in some cases these spots 
are distributed irregularly on the leaves (vide Plate XXIV, Fig. 2). The 
infected portion finally changes to light olive gray in colour. At this stage 
black spots of pseudopycnidia may become visible in the infected region. 
They are more distinct on the upper surface of the leaf. It has been observed 
that when the disease spreads from the margin it never extends beyond the 
midrib of the leaf, but if the infection starts from the tip it advances regularly 
on either side of the midrib. Sometimes the infected and healthy portions 
are clearly demarcated by a dark brown band (vide Plate XXIV, Fig. 1 C 
and ,Fig. 2). Finally after three or four months the infected portion gets 
detached from the leaf (vide Plate XXIV, Fig. 1D). The disease is more 
marked during winter. 


Symptoms on fruits.—It causes a rot of the fruits. The colour of the 
infected part changes to snuff brown and then to olivaceous black (3). 
As the age advances the colour of the central portion of the fruit becomes 
darker, i.e., blackish slate while the peripheral portion remains lighter in 
colour (vide Plate, XXIV, Fig. 3). In advanced stages the rotten area shrinks 
in the central region. 


B. Artificial inoculations —The organism was inoculated by the differ- 
ent methods on young as well as old leaves of Mangifere indica. The results 
are summarized in Table I. 


Table I clearly shows that the disease appeared whenever any injured 
leaf was inoculated. Inoculation of the lower surface of older uninjured 
leaves showed symptoms of disease. The older leaves were more easily 
as well as more severely infected than the younger ones. The infec- 
tion was quickest and slightly more pronounced when germinating spores 


- were used for inoculation. These results clearly indicate that P. mangifere 


could act as a parasite. 


The stems of different ages were also inoculated by the above methods | 
and it was observed that only young injured parts of the stem were infected 
by the mass inoculation method. 
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TABLE 


Showing the Percentage of Infection of Old and Young Leaves of 
Mango Inoculated by Different Methods 


Percentage of infection 
Type of inoculum Condition of Surface of 


leaf leaf Old leaves Young leaves 

% % 

Mass inoculation .. Injured Upper 95 65 
.. Uninjured Upper 0 0 

~ .. Injured Lower 80 70 

.. Uninjured Lower 15 0 

Spore suspension .. Injured Upper 85 65 
..  Uninjured Upper 0 0 

.. Injured Lower 80 60 

..  Uninjured Lower 0 0 
Germinating spore Injured Upper 100 75 

suspension 

..  Uninjured Upper 0 0 

de .. Injured Lower 90 80 

..  Uninjured Lower 10 0 


The following varieties of mango were used for the study of fruit rots :— 

‘Dasheri’, ‘ Langra’, ‘ Safeda’ (vide Plate XXIV, Fig. 3), ‘ Fazli’, 
* Samarbahist’ and ‘ Krishnabhog’. It was observed that P. mangifere 
was able to cause a rot of all the fruits of the above mentioned varieties. The 
disease also developed when healthy fruits were placed in contact with in- 
fected ones. There was, however, no infection of uninjured healthy fruits 
when spore suspensions were sprayed. 


Isolations from the infected fruits and leaves invariably gave Pestalotia 
mangifere. 


The role of temperature in the development of diseases has been studied 
for many fruits. The effect of different temperatures (8°C., 24°C., 30°C, 
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and 40°C.) on:the fruit rot caused by P. mangifere was studied. It was 
observed that the fruits which were placed at 8° C. were not infected at all, 
while the damage was most severe at 24°C and 30°C. The rotten area 
was slightly less at 40° C. but the fruits had shrivelled up and were, therefore, 
not suitable for marketing. 


C. Cross: inoculations—The organism was also inoculated on the 
leaves of Psidium gujava, Mimusops hexandra, Butea frondosa, Eucalyptus sp. 
and Citrus sp., but it could not infect any of them. 


D. Control measures.—The laboratory evaluation of certain fungicides 
indicated that zinc sulphate prevented the growth of the organism. This 


was, therefore, used for dusting the leaves and the fruits. The results are 
summarized in Table II. 


TABLE II 


Showing the Effect of Dusting ZnSO, on Leaves and Fruits 
at Different Stages 


Time of inoculation Leaves Fruits 


Just after dusting .. ve _ 
24 hours after dusting be _ 
48 hours after dusting 
96 hours after dusting hel — 
I week after dusting .. 
Just before dusting .. “a — 
24 hours before dusting ie _ 
48 hours before dusting ai — 
96 hours before dusting 


I week before dusting i 


(+) Indicates infection, (—) indicates absence of infection 


It is evident from the above table that dusting with zinc sulphate con- 
trolled the disease on leaves but failed to control rot on fruits. 
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DISCUSSION 


The results clearly indicate that P. mangifere ‘is parasitic. Mundkar 
and Keshwala (/.c.), Tandon, Singh and Grewal (/.c.), Tandon and Tandon 
(l.c.) also observed similar pathogenic nature of various species of Pestalotia, 
investigated by them. These results, therefore, indicate that Guba’s idea 
about completely saprophytic nature of Pestalotia is not correct. There is 
no doubt that P. mangifere is a weak parasite and can infect injured leaves, 
young stems or fruits and older uninjured leaves from the lower surface. In 
fact even healthy fruits may develop a rot when they are in contact with 
infected ones. Tandon and Tandon (i.c.). also observed that P. malorum 
and P. psidii could also cause a rot of apples and guavas under similar condi- 
tions. This appears to be due to a secretion of certain enzymes which help 
in the spread of the disease. Those enzymes are not sufficiently developed 
when spores are sprayed on healthy fruits. It appears that they develop 
after the fungus attains a certain amount of growth. 


The lower temperatures are known to prevent fruit rots caused by various 
fungi. It is, therefore, not surprising that P. mangifere also fails to produce 
any rot below 8°C. 

SUMMARY 


Pestalotia mangifere has been observed on leaves of Mangifere indica 
at Allahabad and Madras. The pathogenicity of this organism has been 
established on leaves, stem and fruits of mango and symptoms have been 
described. Cross-inoculations on Psidium gujava,, Mimusops hexandra, 
Butea frondosa, Eucalyptus sp. and Citrus sp. were unsuccessful. Storage of 
fruits at temperatures below 8° C. prevented fruit rot. Dusting the leaves 
with zinc sulphate controlled the disease but similar dustings on fruits failed 
to control the rot. 
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EXPLANATION OF THE PLATE 


Fic. 1.—A Marginal infection. 

B Tip infection 

C Marginal infection with dark brown band between infected and healthy area. 

D Infected region detached. 
Fic. 2. Scattered infection with dark brown band between healthy and infected portions. 
Fic. 3. Infected fruit ‘safeda’ variety. 
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OBSERVATIONS— 

Jaws and Hyobranchial Skeleton ia 


1. INTRODUCTION 


HAVING described the chondrocranium of Ophicephalus (Srinivasachar, 
1953), I am now placing on record the osteocranium of the adult Ophi- 
cephalus. Day (1914), Bhimachar (1932) and Gregory (1933) have already 
described the skull and other skeletal structures associated with it. Berg 
(1947) has reporduced in his book the figure of the lateral view of the 
skull and pectoral girdle of Ophicephalus striatus from Day (1914). Boeseman 
(1949) has given an account of a few skull bones of the extinct species 
of Ophicephalus paleostriatus. My study is mainly to examine the validity 
of the nomenclature of bones adopted by the previous authors and to use 
correct nomenclature as followed by de Beer (1937). Therefore, I do not 
propose to describe the topographical dispositions of the different bones of 
the skull as this has already been done by the previous authors referred 
to above. 


The following different species of Ophicephalus were collected from 
various places in Mysore State for study: Ophicephalus gachua Ham., 
Ophicephalus striatus Bloch., Ophicephalus punctatus Bloch., Ophicephalus 
marulius Ham. 


The adult skulls were first stained with Alizarin and then the bones 
were disarticulated into the following series :— 
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ones 
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The cranium. 
The circum-orbital series. 

The mandibular-hyopalatine-opercular series. 
. ‘Hyobranchial series. 


2. OBSERVATIONS 


Cranium 


The ethmoid region—The ethmoid region of the adult Ophicephalus 
consists of a median ethmoid (Figs. 1, 3) and paired lateral ethmoid bones 
(Figs. 1, 2, 4). The ethmoid bone shows much of the persisting cartilage 
(Fig. 3) in the middle region. Day (1914) in his description of Ophicephalus 
striatus recognised the anterior portion of the ethmoid as a separate bone,— 
the supra-ethmoid, and described the bone as a “ light spongy bone which 
in very young form is cartilaginous,” and the posterior portion as another 
bone,—the ethmoid bone, which articulated with the nasals dorsally. 
Bhimachar (1932) described the supra-ethmoid and ethmoid of Day (1914) 
as supra-ethmoid and according to him, it was a “ poorly ossified bone”. 
But Kindred (1919) noted in Amiurus that the ethmoid was a median 
perichondral ossification in the nasal septum fused with overlying intra- 
membranous ossification,—the supra-ethmoid which appeared as paired 
bones. de Beer (1937) after a study of the comparative morphology of 
this region in fishes named the median cartilage ossification as ethmoid 
bone; occasionally a superior membrane bone,—the supra-ethmoid bone 
co-ossified with it. My preparations of fry of different sizes (Alizarin 
transparencies) do not show a superior membranous supra-ethmoid and 
therefore, the bone in this region is only the ethmoid, the supra-ethmoid 
portion being absent. 


The lateral ethmoid which is also a cartilage bone has been described 
by Day (1914) and Bhimachar (1932) as prefrontal and ectethmoid bones 
respectively. In my preparations no membranous extensions of the bone 
are seen. The lateral ethmoid has a notch dorsally through which the 
profundus branch of the trigeminal nerve passes. 


The orbito-temporal region.—The region posterior to the orbit is the 
sphenoid region, which consists of the basisphenoid (Fig. 3), the para- 
sphenoid (Figs. 2, 3, 4) and the pleurosphenoid (Fig. 3). The basisphenoid 
which exhibits lateral wing-like expansions, is an ossification in the basal plate 
and in the membrane stretching across the hypophysial fenestra and ventrally 
is in contact with the underlying parasphenoid. Bhimachar (1932) referred to 
the basisphenoid as the suprasphenoid having a “ characteristic Y-shaped 
structure” following the nomenclature of Kindred (1919). Similarly the 
B38 
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pleurosphenoids have been called, the alisphenoids both by Day (1914) 
and Bhimachar (1932). The true nature of the alisphenoid has been 
described by Goodrich (pp. 436-37, 1930) as follows: “*....the cartilaginous 
lamina ascendens of the ala orbitalis of mammals, which often is separately 
chondrified, in all probability corresponds to the processus ascendens of 
lower Tetrapods, and that both originally lay in the outer wall of the 
cavum epiptericum outside the braincase (p.271). In the mammalian 
skull this cartilage lamina becomes ossified as the true alisphenoid, which 
spreads and contributes to the side wall to the cranium a new element 
not homologous with the various bones in fishes, birds, and reptiles to 
which the name alisphenoid has been applied (p. 392).”" In view of this, 
the bone in this region should not be called ‘ alisphenoid’ in the verte- 
brates lower than mammals and must be called pleurosphenoid. 


The auditory region—The otic region consists of the pro-otic (Figs. 
2, 3) invading the auditory capsule completely and projecting ventrally 
in the form of a bulla, the sphenotic (Figs. 1, 2, 4), the pterotic (Figs. 1, 2), 
the epiotic (Figs. 1, 2, 3) and the opisthotic (Fig. 2) bones. The sphenotic, 
pterotic, epiotic and opisthotic bones do not take part in the formation 
of the auditory capsule. Bhimachar (1932) described the pterotic bone as the 
squamosopterotic, but my alizarin transparencies of Ophicephalus striatus 
do not show the two ossifications even in early stages of the development, 
the squamosal and pterotic appearing independently and then fusing. 
I have not been able to get closely graded series of Ophicephalus fry to 
study sectional views in order to verify the above point which I hope 
to do at a later date. At present I am inclined to call the bone merely 
pterotic as has been done by Day (1914) and Gregory (1933) rather than 
give it the compound name squamosopterotic as done by Bhimachar (1932), 


The lateral line sensory canal system.—The lateral line canals of the 
head consist of a main canal,—the supra-orbital canal (Figs. 1, 4) running 
between the supra-temporal and the nasal. The canal at the posterior end 
of the pterotic and in front of the supra-temporal gives off a branch,— 
the pre-opercle-mandibular one (Figs. 1, 4) which descends down the 
pre-opercle and extends as far as the anterior end of the dentary. Again 
at the region where circum-orbital bones are attached to the side of the 
frontal, another branch,—the infra or sub-orbital canal (Fig. 4) is given 
off which enters into the sub-orbitals. Yet another small branch is given 
off from the supra-orbital canal at its posterior end in the supra-temporal 
bone, where the branch extends upto the posterior region of the parietal 
and ends there. However, a supra-temporal branch extending in the 
occipital region noticed in other teleosts is not observed in Ophicephalus. 
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The two supra-orbital canals while passing through the frontals are 
connected by a commissural one (Figs. 1, 4) in the anterior third of 


; the bones. 

y Bhimachar (1932) in his descriptions of the lateral line system of 

f Ophicephalus striatus stated that the branch which passed anteriorly through 

° ’ the sphenotic, divided in front of the sphenotic into two branches,—the 

n inner supra-orbital branch and the outer sub-orbital branch. But in my 

h preparations of the alizarin transparencies, [ do not observe the division 

ut into two branches in front of the sphenotic, but as described above, 

0 it continues upto the region where the circum-orbitals are attached to the 

Ss, side of the frontal. 

e- 

Jaws and Hyobranchial Skeleton 

3S. I shall describe completely the jaws and the hyobranchial skeleton of 
ly Ophicephalus as my observations differ from those of Day (1914) in the latter 
2), in a number of points. 

Ic, The upper and lower jaws.—In the osseous skull the pterygoquadrate 
a becomes ossified into the palatine* (Fig. 4) anteriorly bearing teeth, the 
the metapterygoid bearing a large articulating process and the quadrate with 
wd a posterior membranous process giving anteriorly articulation to the lower 
rig jaw. The membrane bones of the lower jaw, viz., the dentary (Fig. 4) 
ng. and the angular (Fig. 4) develop around Meckel’s cartilage; the only 

” cartilage bone,—the retro-articular (Fig. 4), is ventral to the angular and 
a does not take part in the actual articulation of the lower jaw. 

vad _ The dentary (as seen in the 24mm. stage studied by me) develops 
32). laterally to Meckel’s cartilage, and the two anterior ends meet but there 

the is no mento-meckelian ossification. The angular (articular of other authors) 

. also disposed laterally to Meckel’s cartilage extends both dorsally and 
can ventrally and articulates with the quadrate by means of a prominent facet. 
h,— Goodrich (1930) in describing the lower jaw of fishes noted that “ the 

the so-called articular (angular) is made up of an endochondral articular fused 
gain to an outer dermal element usually called ‘* derm-articular’.” And in 
r the modern teleosts the bones of the lower jaw are reduced to three, the 
viven dentary, articular (angular) and angular (retro-articular), by the disappear- 
given ance of some and fusion of others. Haines (1937) considered in fishes that 
poral the articular of previous authors was really the angular which became later 
rietal associated with Meckel’s cartilage; the retro-articular (angular of other 
1 the 


* It was not possible to differentiate an auto- and a dermo-palatine clement in Ophicephalus, 


halus. 
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authors) developed as an endochondral ossification of the processus retro- 
articularis of Meckel’s cartilage. In Ophicephalus, it is noticed that 
anteriorly the retro-articular is a perichondral ossification laterally to 
Meckel’s cartilage but posteriorly it is endochondral. Further in the 24 mm. 
Stage of it the angular is purely an investing bone and does not invade the 
cartilage as has been observed by Haines (1937) in teleosts like Mugil, 
Sardina and Trigla. 


The second or hyoid arch.—The hyoid arch like other arches consists 
of dersal and ventral portions. In the chondrocranium (Srinivasachar, 
1953) the dorsal half of the arch consists of the hyosymplectic cartilages 
and the ventral segmented hyoid cornu. In the adult skull the hyosymplectic 
is ossified into two bones,—the dorsal hyomandibula (Fig. 4) articulating 
with the sphenotic and the pterotic bones and the ventral symplectic bone. 


The hyomandibula is an irregular thin bone; the dorsal edge has two 
prominent knob-like structures, one anteriorly and other posteriorly and 
the region between them shows a slight elevation. The anterior knob fits 
into the fossa in the ventral portion of the sphenotic bone and the elevated 
region posterior to this articulates with the ventral portion of the pterotic, 
both functioning as a suspension from the base of the cranium. The 
posterior knob fits into a socket in the antero-dorsal end of the opercle 
(Fig. 4). The articular surfaces of the hyomandibula are covered by 
persisting cartilage. Projecting from the inner face of the hyomandibula 
is a shelf-like process which extends into and forms a sort of incomplete 
partition in the supra-branchial chamber, while the outer face is considerably 
smooth and possesses a groove posteriorly into which projects the 
pre-opercle. 


About the middle region of the dorsal end of the hyomandibula from 
where the shelf-like projection is given off, is an opening which leads 
into a canal and opens by an aperture on the outer face of it facing down- 
wards. This canal and opening are for the passage of the ramus hyomandi- 
bularis facialis (Fig. 4). 


The symplectic (Fig. 4) is a wedge-shaped elongated bone extending 
from the lower edge of the projecting shelf of the hyomandibula to the 
posterior end of the quadrate. The anterior border of the bone lies adjacent 
to metapterygoid (Fig. 4). The symplectic bone is actually wedged in 
between the hyomandibula dorsally, metapterygoid anteriorly, posteriorly 
by the pre-opercle and ventrally by quadrate. The dorsal edge of the 
symplectic is separated from the hyomandibula by a piece of cartilage. 
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The dorsal head of interhyal (Figs. 5, 6) is attached to the hyomandibula 


just at the region where the symplectic is also attached with the ventral 
end of the hyomandibula. 


In the certilaginous hyoid cornua, the differentiation into the basihyal, 
the hypohyal, the ceratohyal and the interhyal is noticed (Srinivasachar, 
1953) and in the ossified one the division into the various elements is very 
distinct. 

The basihyal (Figs. 5, 6) is an elongated thick bone, broad anteriorly 
and narrow posteriorly. Anteriorly it extends and supports the tongue. 
Attached to the anterior end of the basihyal is a distinct triangular piece of 
cartilaginous epiphysis in which sometimes slight ossification can be 
observed probably due to age. 


The hypohyal (Figs. 5, 6) of each side is a small piece of bone which 
is not distinct from the ceratohyal. The hypohyal at its dorsal end shows 
two small processes by which it is attached with the basihyal and the 
copula. The two hypohyals are ventrally very much approximated from 
where a median long wing-like bone, the parahyoid (Fig. 6) projects 
posteriorly. 


The ceratohyal (Figs. 5, 6) is an elongated bone and it is not completely 
separated by cartilage from the hypohyal. It is compressed laterally. 
Posteriorly it is connected with the epihyal. In the postero-lateral region 
extending posteriorly are three semi-oval depressions for the accommoda- 


. tion of three branchiostegal rays (Figs. 5, 6). 


The epihyal (Figs. 5, 6) is a triangular piece of bone, the base of 
which is broad and is attached with the ceratohyal. There is no complete 
cartilaginous interconnection between the ceratohyal and epihyal but in the 
dorsal half, the cerato- and epihyals, are united by sutures (dovetail) 
both laterally and mesially. In the ventral half, the epihyal and the 
ceratohyal are connected by a cartilaginous piece. Just at the region of the 
attachment with the ceratohyal, there are two semicircular depressions for 
the accommodation of the remaining two branchiostegals. 


The stylohyal (Figs. 5, 6) is a short rod-like bone with a swelling 
posteriorly by which it is attached to the lower end of the hyomandibula. 
It is an ossification in the interhyal cartilage of the chondrocranium 
(Srinivasachar, 1953). The proximal end of the bone is narrow and fits into 
a hollow space in the posterior end of the epihyal. There is a large amount 
of cartilage surrounding the region of attachment of the interhyal with 
the epihyal. 
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I am now referring to the parahyoid (Fig. 6) which is connected with 
the hypohyals and is not part of the hyoid cornu. The parahyoid has no 
cartilaginous predecessor. The ventral half of it is laterally compressed 
while the dorsal half is in the form of a wing covering the lower half. 


The branchiostegal rays (Figs. 5, 6).—Attached closely to the hyoid 
cornu are the branchiostegals which are also known as the branchiostegal 
rays or branchiosts. There are five pairs of branchiostegal rays, of which 
three are attached to the postero-lateral portions of the ceratohyals and the 
other two to the antero-lateral portions of the epihyals. Each ray is in 
the form of a laterally compressed rod pointed at the free end and broad 
at the region of attachment with the cerato- and epihyals. The first 
three rays are smaller than the last two. The fifth branchiostegal ray is 
the longest of the set. The five branchiostegal rays are united by a 
membrane—the branchiostegal membrane in the animal. 


The branchial arches.—There are five pairs of branchial arches. But 
of the five pairs of branchial arches, first four pairs support the holo- 
branchs and the fifth is present only in part as a single dentigerous bone, 
the inferior pharyngeal bone, on each side. ' 

In Ophicephalus the five branchial arches are well ossified leaving 
short cartilaginous interconnections between the different elements. 


The first four branchial arches are complete in possessing the.elements,— 
the basibranch, the hypobranch, the ceratobranch, the epibranch and the 
pharyngobranch. But in the first branchial arch the pharyngobranch of 
each side is fused with the epibranch of its side. In the second arch the 
hypobranch, ceratobranch, epibranch and pharyngobranch are distinct and 
free. In the third and fourth branchial arches the pharyngobranchs of both 
arches of either side have fused and bear a single dentigerous plate though 
a suture divides it apparently into two. The fifth branchial arch is repre- 
sented by only the ceratobranchials which are transformed into the 
inferior pharyngeal bones, carrying villiform teeth. 


The basibranchials——The basibranchials of the first three branchial 
arches are united in the middle line forming the three median pieces 
called the copula 1, 2 and 3 (Fig. 5) respectively. The copule are attached 
with each other by means of cartilaginous interconnections. The copula 1 
is broad anteriorly at the region of attachment with the basihyal and it is 
narrow posteriorly. In the middle region of the copula 2, there are two 
depressions for the accommodation of the two hypobranchs of the first 
branchial arch. The copula 3 is slightly pointed at the posterior end and 
articulates by the broader anterior end with the copula 2. There is a pair 


- . 
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of small depressions in the antero-lateral region of the copula 3 where the 
hypobranchs of the second branchial arch articulate. The basibranch of 
the fourth arch is represented by a small thin piece of cartilage placed 
posterior to the copula 3. A similar element was observed by Allis (1903) 
in Scomber and was called by him, the ‘ unossified fourth basibranch ’. 


The hypobranchs (Fig. 5).—The hypobranchs of the first three arches 
are ossified while that of the fourth pair is not distinct from the cerato- 
branch of the fourth branchial arch. 


The first hypobranch is broad posteriorly and where it turns inwards 
to articulate with copula 2, shows anteriorly a prominent process. 


The second hypobranch is similar to the first but does not show the 
process seen in the case of the first hypobranch. 


The third hypobranch is a broad plate-like bone attached at the posterior 
end of the copula 3 by cartilaginous interconnection. 


The fourth hypobranch is not distinct from the ceratobranch and it is 
so even from the cartilaginous: condition (Srinivasachar, 1953). 


The ceratobranchs (Fig. 5).—The caratobranchs of the first four branchial 
arches are similar, long rod-like bones. Both ends of the ceratobranchs 
are tipped with cartilage. The ceratobranch of first branchial arch is bent 


posteriorly upwards whereas the second, third and fourth ceratobranchs are 
bent downwards. 


The fifth ceratobranch or the inferior pharyngeal bone (Fig. 5) is the 
only representative element of the fifth branchial arch. It is in the form of a 
wavy rod showing posteriorly a shallow depression. Meéesially it is provided 
with a thick dentigerous plate with villiform teeth projecting downwards. 


The epibranchs (Fig. 5).—The first four branchial arches show epi- 
branchs. The first epibranch is a large plate which is narrow anteriorly at 
the place of attachment with the ceratobranch and possesses a process point- 
ing downwards. On the dorsal surface, it shows a ridge; posteriorly it 
becomes narrow and is continuous with the pharyngobranch. 


The second epibranch is a long rod which tapers anteriorly at the region 
where it is connected with the ceratobranch by a cartilage and shows a small 
process projecting outwards. 


The third epibranch is a small triradiate bone having a process project- 
ing towards the fourth epibranch. 


The fourth epibranch is longer than the third and is a semi-lunar-shaped 
bone, 
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The pharyngobranchs (Fig. 5).—The first four branchial arches bear 
the pharyngobranchs. Each is different from the other in shape and size. 
The pharyngobranchs of the second, third and fourth arches are close to,one 
another and are united together by a muscle sheet and bear teeth. 


The first pharyngobranch is a small cylindrical rod which is in continuity 
with the first epibranch and is edentulous. 


The second pharyngobranch is a dagger-shaped bone with a small limb 
articulating with a similar limb of the epibranch. The pharyngobranch is 
placed ventrally to the epibranch and bears teeth of uniform size on the ven- 
tral face. 


The third and fourth pharyngobranchs are united and they are so even 
in the cartilaginous cranium (Srinivasachar, 1953); however a thin suture 
could be made out in the middle region between the third and fourth bony 
pharyngobranchs. The united pharyngobranch is in the form of an oval 
plate having teeth on the dorsal surface. The dentigerous plates of the 
second and the united third and fourth pharyngobranchs together with the 
opposing inferior pharyngeal teeth of each side form a masticatory apparatus 
in the pharyngeal region. 


In connecting with each arch of the first four branchial arches there are 
double rows of gill rakers which are in the form of dentigerous patches 
(Fig. 5) extending from the hypobranch to epibranch of the respective 
branchial arches. The number of patches in each row varies from 
seven to ten. These dentigerous patches are arranged on the dorsal face 
of branchial arches. 


It is important to note the difference in some of the elements of the branch- 
ial apparatus of the different species of Ophicephalus, viz., striatus, punctatus, 
gachua and marulius that I have studied. In this connection, it may be noted 
that the structure of branchial arches is of classificatory value. 


Ophicephalus striatus Bloch.—The dentigerous patches of the outer row 
referred to above, which is on the dorsal surface of the first branchial arch - 
extends anteriorly as far as the ceratohyal of each side. The first pharyngo- 
branch which is in the form of a cylindrical rod and is fused with the 
expanded plate-like epibranch is straight. The cartilaginous epiphysis of 
the basihyal is large and sometimes shows ossification in it. 


Ophicephalus punctatus Bloch.—The outer row of dentigerous patches 
of the first branchial arch are fewer in number than in the case of O. striatus 
and does not extend upto the ceratohyal, but stops short at the middle region 
of the hypobranch of the same branchial arch, The dentigerous patches 
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are smaller than the patches found in O. striatus. The first pharyngobranch 
is also rod-like and fused with the epibranch but it is bent upwards. The 


cartilaginous epiphysis of the basihyal is small and does not show any sort 
of ossification in it. 


Ophicephalus gachua Ham.—The outer row of dentigerous patches of 
first branchial arch is thinner and extends only upto the posterior end of 
hypobranch. Its pharyngobranch is in the form of a tiny cylindrical rod 


attached to the posterior end of the epibranch and is free and not fused as 
in other two species. 


Ophicephalus marulius Ham.—The outer row of the dentigerous patches 
of first branchial arch is much thinner and extends upto the anterior portion 
of ceratobranch of the first branchial arch. The first pharyngobranch which 
is attached to the expanded epibranch, is straight. 


3. DISCUSSION 


While describing the hyobranchial skeleton in Ophicephalus striatus, 
Day (1914) erroneously called the basihyal as the first basibranchial. He 
further stated that the hyoid apparatus consisted of a glossohyal which in 
small specimens was formed entirely of cartilage, a hypohyal attached to the 
basibranchial 1, a ceratohyal, an epihyal and a ventral urohyal articulating 
with the ventral side of second basibranch. With regard to the branchio- 
stegal rays, he described the two of the five rays in relation with ceratohyal, 
two others in relation with the epihyal and the middle ray attached in bet- 
ween the epi- and ceratohyals. In my preparations, I can clearly make out 
a thick long basihyal to which the hypohyals are intimately connected. This 
kind of association is observed by me even in the early stages that I have 
described of the development of the chondrocranium (Srinivasachar, 1953). 
The glossohyal of Day (1914) is a cartilaginous epiphysis which is anterior 
to the basihyal and is unossified. I have also noticed in older forms slight 
ossifications in this epiphysis. The epi- and ceratohyals are connected 
ventrally by the persisting cartilage while dorsally there is a sutural contact. 
The first three branchiostegal rays are lodged on the ventral side of the cerato- 
hyal in small semi-oval depressions while the posterior two fit in the similar 
depressions of the epihyal. None of them is attached in between the cerato- 
hyals as described by Day (1914). The parahyoid does not possess any carti- 
laginous predecessor in the development of the chondrocranium. A similar 
parahyoid has been noticed in other teleosts also. Whether the parahyoid 
could be included under the hyobranchial skeleton at all, is doubted by some 
on account of its origin as a membranc bone. 
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In the branchial arches Day (1914) referred to four basibranchials (the 
first basibranch has already been referred to above by me, as the basihyal) 
and did not recognise the hypobranch in the fourth branchial arch. The 
pharyngobranchs have been referred to as upper superior pharyngeals in 
relation to only the second, third and fourth branchial arches. In my pre- 
parations I have noticed that the basibranchs of the first, second and third 
branchial arches have fused in the middle to form the three copule. Posterior 
to the copula 3 is a small piece of cartilage representing the basibranch of 
the fourth arch. A similar structure has been described by Allis (1903) in 
Scomber and Dharmarajan (1936) in Otolithus. The first copula is posterior 
to the basihyal (basibranchial 1, Day, 1914). 


The pharyngobranchs are distinct in all the first four arches. In the 
first branchial arch, the pharyngobranch which is toothless and completely 
fused with its epibranch is in the form of cylindrical rod extending from the 
plate-like epibranch. But in the case of Ophicephalus gachua, | am able to 
observe a tiny rod-like pharyngobranch distinct from the epibranch. The 
pharyngobranch could be clearly made out as a separate element even in the 
development of the chondrocranium (Srinivasachar, 1953). The pharyngo- 
branchs of the third and fourth arches are intimately united as observed even 
in the development of the chondrocranium. 


4. SUMMARY 
1. The skull of Ophicephalus is redescribed using current nomenclature. 


2. The hyobranchial skeleton has been completely described. The 
hyoid cornu consists of a median basihyal, paired hypo-, cerato-, epi- and 
stylohyals. Cartilaginous interconnections exist between these elements. 
While the pharyngobranch of the first branchial arch in Ophicephalus striatus, 
O. punctatus and O. marulius is continuous with its epibranch, in O. gachua 
it is free. The pharyngobranchs of the third and fourth arches are united. 

3. The differences in the hyobranchial skeleton of the four species of 
Ophicephalus, viz., striatus, punctatus, marulius and gachua have been noted 
to be of classificatory importance. The dentigerous patches (gill rakers) } 
distributed on the hyobranchial skeleton show variation in the species of 


Ophicephalus studied. 
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EXPLANATION TO FIGURES 


Fic. |. Dorsal aspect of the adult cranium of Ophicephalus striatus Bloch. 


Fic. 2. Ventral aspect of the adult cranium of Ophicephalus striatus Bloch. The supra- 
temporals and post-temporals are not shown. 


Fic. 3. Sagittal sectional view of the adult craniim of Ophicephalus striatus Bloch. 

Fic. 4. Lateral aspect of the adult cranium of Ophicephalus striatus Bloch. The post- 
temporal is not shown. 

Fic. 5. Dorsal aspect of the hyobranchial apparatus of adult Ophicephalus striatus Bloch.; 
slightly pulled out on one side to show the structures clearly. 


Fic. 6. Ventral view of the hyoid cornu and the parahyoid of the adult Ophicephalus striatus 
Bloch. 
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THE IMMIGRANT ECONOMIC PLANTS OF INDIA 
I. Anacardium occidentale Linn. 


By Dr. K. M. SEBASTINE 
(Botanical Survey of India) 
Received October 7, 1955 

(Communicated by Dr. E. K. Janaki Ammal, F.a.sc.) 


INTRODUCTION 


Anacardium occidentale, commonly known as the Cashew-nut tree, was intro- 
duced into India by the Portuguese in the sixteenth century and it became 
naturalised in the Malabar Coast, the area of their supremacy in India. It 
was described by Van Rheede (1682), Governor of Malabar, in Hortus Mala- 
baricus which is the second scientific work on the Flora of India and published 
from Amsterdam. This description includes an excellent plate of A. occi- 
dentale under the name ‘ Kappamave’ meaning ship mango, as the tree was 
known in Malayalam (Fig. 1). Later Rumphius (1750) described it in 
his Herbarium Amboinense. Jacquin (1763) in Stirpium Americanarum 
Historia has given an account of A. occidentale from America. Gabriel 
Soares de Souza, one of the earliest chroniclers of Brazil, found the tree grow- 
ing both wild and cultivated on the coast of Bahia in the 16th century. 
According to Dymock, Warden and Hooper (1890) there were only a few 
trees in the Malabar Coast in 1653 A.D. while they were abundant in Goa. 


The genus Anacardium belongs to the family Anacardiaceez. It comprises 
8 species. The species Anacardium occidentale Linn. has two varieties as 
described by De Candolle (1825) in the light of the descriptions made by 
Rumphius and Jacquin and also after observing the herbarium specimens. 


(1) “‘ Var. Americanum, where the fleshy peduncle is about ten times 
bigger than the nut, the longer filament deprived of anther with somewhat 
dilated apex. It occurs in the West Indies, Mexico and South America.” 


(2) “ Var. Indicum, where the peduncle is scarcely three times bigger 
than the nut. The longer filament adorned with thick anther, the rest more 
or less poorly developed; occurs in the East Indian Islands.” De Candolle 
doubted whether this was a descendant of the American plant or the same 
species. He was not sure either whether the character of the stamen which 
he had observed from the herbarium was constant. 


Anacardium occidentale is a middle-sized tree, generally 8-16 m. in height. 
The bark of the tree is thick, round and scaly. The tree produces stout 
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branches which spread in every direction. Leaves simple, alternate, cori- 
aceous, obovate, 12-5-15 cm. in length, both surfaces glabrous, secondary 
veins very conspicuous, about 8-12 pairs, petiole 12-16 mm. long. Flowers 
small, in large terminal panicles 15-25cm. long with prominent bracts. 
Calyx slightly hairy, sepals 5, imbricate. Petals 5, imbricate, pale yellow in 
colour streaked with pink, linear lanceolate, revolute, slightly hairy on the 
outside. Stamens generally 10, one longer than the others; they are all fer- 
tile or some sterile. Ovary 1-celled with filiform excentric style having a 
very small stigma. The ovule is solitary ascending from a lateral funicle. 
Fruit a kidney-shaped nut 12-18 mm. in length supported by a fleshy body 
which is 5-8 cm. long and coloured like an apple red and yellow, formed of 
the enlarged disk and top of the peduncle. The fleshy portion is very juicy 
and may be termed Cashew-apple. It has got a skin which is a thin membrane, 
easily broken. The fruit contains a single seed; the pericarp contains sacs 
or cells filled with acrid oil; the seed itself is kidney-shaped, testa membra- 
nous, adherent; cotyledons semilunar, radicle short, hooked. 


The chromosome number of A. occidentale was first! recorded by 
Dr. E. K. Janaki Ammal (1945) as 2n = 42 (Fig. 2). 


DISTRIBUTION 


The genus Anacardium belongs to Tropical America and is indigenous 
to Brazil, Guiana, Amazon and West Indies. A. occidentale is indigenous 
to West Indies. Huber (1904) considered it indigenous on the plains and 
dunes of the lower Amazon region and North Brazilian Coast. He thought 
that it was probably introduced into the West Indies by the Indians who 
reached those islands from the South American mainland before the arrival 
of the Europeans. 


Being the most economically important among other species of the same 
genus it spread in the tropical regions of Mexico to Peru, Brazil and Costa 
Rica (Pittier, 1908). It is grown in Bermuda (Britton, 1918), Florida, coastal 
regions of Africa, Madagascar and Mozambique. It also occurs in South 
East Asia from Ceylon to the Philippine (Burkill, 1935). In India besides 
Malabar (Gamble, 1915-35) including Travancore-Cochin, it has become 
naturalised in the central regions of India, Chittagong, Tenaserim, and in 
Andaman Islands. It is cultivated in Ratnagiri, N. Kanara, Goa, Mysore, 
Bengal (Midnapore) and Orissa (Puri, Ganjam and Balasore), Guntur, Goda- 
vari and Vizagapatam Districts. 


A. occidentale is known by different names in the various languages. 
The Portuguese called it ‘Caju’. This name came from the Tupi name 
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Fic, 2. A branch of A. occidentale showing flowers and fruits. 
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‘acaju’. In the Spanish-speaking countries of Tropical America it is known 
as ‘ Maranon’. The name ‘ Pajuil’ is used in Porto Rico, and in Guatemala 
* Jacotemaranon’. The English name cashew is an adaptation of the Portu- 
guese name ‘ caju’. In French the cashew apple is called Pome-d’ acajou’ 
and the nut ‘ noix-de-acajou’. In India it was known by different names 
in the various languages of India. Thus in Hindi and Marathi Kaju ; Bengali 
Hijili badam; Telugu Jidi Mammidi, Muntha Mammidi; Tamil Kulamavu, 
Mindiri; Malayalam Paringi Mavu and Kasum Mavu (Fig. 3). 


CLIMATE AND SOIL REQUISITES 


The tree is drought-resistant but is affected by frost. It is rarely found 
growing over 3,000 feet. Generally it grows along the seacoast, the plains 
and on low rocky hills where other trees find it very difficult to grow. 


In the west coast of India the tree grows on laterite soils, where the annual 
rainfall is about 120”. It also grows on sandy soils where the rainfall is 30”. 
According to changes in the soil conditions the size of the tree is found to 
vary considerably. Those trees which grow in sandy soil mixed with some 
humus attain a large size, about 13 m. high, whereas in the dry and sandy 
areas devoid of humus they become stunted, and spread along the ground 
producing small branches. However, the tree has a tendency to spread where- 
ever it grows. 

CULTIVATION AND GROWTH 


The Cashew-nut tree has not yet received the horticultural attention which 
other useful species of trees have enjoyed. It may be due to the fact that the 
tree is capable of growing and fruiting vigorously in a semi-wild condition 
as a naturalised plant. In South India however the tree, on account of the 
value of the kernel, is cultivated extensively in vast areas on hill slopes; it 
also grows in wild conditions. According to recent reports (1954) from the 
- various Governments, the land under Cashew-nut plantation in Travancore- 
Cochin is 65,637 acres, in Madras roughly 50,000 acres and in Orissa 474 
acres. 


Small beds or plots 60 x 45cm. are prepared, each being approximately 
at 8-10 m. from the others ; two seeds are planted in each of these small plots. 
The distance 8-10 m. from plot to plot often proves insufficient as the branches 
of some of the trees may spread well over 12m. Seeds are sown immediately 
after the first rains of the monsoon, thereafter the seedings soon come above- 
ground and without further manuring grow at a rapid rate. 


The tree flowers in its third or fourth year. In India generally the tree 
flowers in December-January and the fruit ripens from February—June; 
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whereas in Brazil flowers and fruits come in August-September and November- 
February respectively. In the west coast of India some varieties flower 
and bear fruit in the month of January, some in February—April and some 
others in May-June. According to Fr. Santapau (1953) some of the culti- 
vated trees in Khandala regions flower and fruit practically the whole year. 
When the trees become old they exude a gummy substance in large quanti- 
ties and then die. However, in Travancore-Cochin State many trees live 
for more than 15 years; in fact certain trees have been observed flowering 
and fruiting even up to 40 years. 


In India a fully developed tree may yield about 100 lb. of nuts per annum; 
but in the west coast the average yield per tree is only about 20 lb. The annual 
production of cashew-nuts in the Travancore-Cochin State was 43,957 tons 
(1954), in Madras it was 34,000 tons (1954) and in Orissa 97 tons (1954). 


P. J. Wester (1916) has shown that the Cashew can be shield-budded 
and thus it is possible to ‘ propagate choice varieties originally as chance seed- 
lings’. Wester describes the method of budding the Cashew as follows: 
** Use non-petioled, mature bud wood which is truning grayish, cut the bud 
14-1}” long; insert the bud in the stock at a point of approximately the same 
age and appearance as the scion”. 


ECONOMIC IMPORTANCE 


The Cashew is fully appreciated by the Brazilians. Fr. J. S. Tavares 
in his studies of Brazilian fruits says that the tree “‘ furnishes food and house- 
hold remedies for the poor, a refreshing beverage to the sick, a sweetmeat for 
tables richly served, and resin and good timber for industrial use ” (Popenoe, 
1920). In India the Cashew-nut and Cashew-shell oil are commercially 
important and thus international trade in Cashew kernels and shell oil have 
developed considerably during the last few years. 


THE NuTs 


In a Cashew-nut Plantation in Travancore-Cochin State, I came across 
Cashew-nut trees which yield Cashew-apples of different sizes and colours 
with remarkable variation in the quality of the nuts. They are:— 

(1) Trees with red, large apples and large nuts. 

(2) Trees with red apples and medium-sized nuts. 
(3) Trees with yellow apples and small nuts. 

(4) Trees with yellow apples and medium-sized nuts. 


These different varieties of trees do not show differences in taxonomical 
characters except in the fact that the nuts vary in their size and weight, a factor 
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of great importance and which should be taken into account in large-scale 
cultivation of the trees. The shape of the nuts and the kernels also vary in 
these cases. It was also found that certain trees yield large nuts with poorly 
developed kernel. The kernel in this case are smaller than those of small 
nuts. Observations made on four varieties of trees producing nuts with well- 
filled kernel showed that the weight of the various nuts of the same tree re- 
mained more or less constant, but there was great divergence in weight in 
different varieties. 
PROCESSING AND GRADING OF KERNEL 


At present India is the only country where the Cashew-nuts are processed. 
Raw nuts are imported into India from Africa and they are processed in the 
factories in the west coast at Quilon, Kottarakara and Mangalore. About 
twelve lakhs tons of nuts were imported into Travancore-Cochin State for 
processing, in 1953-54. It is reported that India meets 95% of the world 
requirement of kernel and that 75% of nuts produced in India are exported 
and only 25% consumed in the country. Countries like U.S.A., Canada, 
United Kingdom and Australia import the kernel from India. 


The raw nuts are dried in the sun before processing. They are then 
roasted and decorticated. Formerly roasting of nuts was carried out by 
crude methods. The nuts were taken in iron or earthenware pans and 
roasted over fire, stirring the nuts in order to ensure uniform roasting. 
Improved machinery for large-scale roasting is used at present in factories for 
roasting of nuts and extracting shell oil. After roasting, the nuts are shelled 
by hand. The kernel which is covered by a thin skin or testa is heated in a 
borma in order to remove the testa. The white kernel is then sorted into 
different grades. According to Eastern Exporting Company, Quilon, the 
Cashew kernel is graded as follows:— 


Wholes: 210 counts (210 kernels to a pound) 
400 ” (400 ” ” ” 

These different grades of the kernel (wholes) are formed mainly due to 


the differences in the size and quality of the nuts belonging to different 
varieties of Cashew-nut trees, as it is already noted. 


The kernel is very nutritious and has a good taste and is often used as a 
dessert. It is also used by confectioners. The kernel on analysis yielded; 
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Water, 5:9; Proteins, 21:2; Fats, 46-9; Carbohydrates, 21-3; Mineral 
matter, 2-4 of which Ca, 0-05; P, 0-45%; Fe, 5-00 mg.; Cal. Val. 596/100 g. 
(Wealth of India, 1948). 
SHELL OIL 
The shell oil, that comes out during roasting, is dark brown in colour. 
The oil is used as a water-proofing agent in the preservation of boats and 
fishing nets. 


The shell oil is a rich source of phenols which is used in the preparation 
of plastics and resins. About 20 years ago it was discovered in America 
that the phenolic content yielded a series of resins of great value. 


The resinous materials from the sheli oil are “‘ prepared by thermal or 
catalytic polymerization or by condensation with aldehydes or a combination 
of both processes ’’ (Howes, 1949). These resins are thermosetting but are 
more rubbery than the other thermostatic phenolic resins. So they are used 
for various electrical purposes such as splicing power cables, filling magneto 
coil housings, condenser cases and terminal boxes. 


The oil is also used for making paints and varnishes and as a mosquito 
larvicide. 


The acrid oil is used as medicine in the treatment of leprosy and ulcers. 
Watt (1889) reported that the oil obtained from the shell by maceration in 
spirit was applied to the sole of the foot as a remedy for the cracking of the 
cuticle. 

CASHEW-APPLE 

The Cashew-apple when ripe is juicy and sweet. It is highly acidic when 
young. The juice is fermented for the preparation of wine. It is also used 
for making vinegar. The Cashew-apple contains: Moisture, 87-9; Pro- 
teins, 0-2; Fat, 0-1; Carbohydrate, 11-6; Mineral matter, 0-2; Ca, 0-01; 
P, 0:01%; Fe, 0-2 mg./100 g. (Wealth of India, 1948). 


‘** Each tree on an average yields about 75 lb. of apples per annum and 
annual production in India is of the order of 55 lakhs of md. But of this 
only a small proportion is at present used” (Wealth of India, 1948). 


THE TESTA 


The testa of the kernel is also found to be a good poultry food. Accord- 
ing to Joachim (1936) it contains: Water, 8-1; Proteins, 7-6; Fat, 12-3; 
Carbohydrates, 59-2; Fibre, 11-0 and Ash, 1-8%. 


THE GUM 


_ The Cashew-nut tree yields a useful gum which is known as ‘ Cashew 
Gum” in commerce. The gum is exuded from the tree trunk and solidi- 
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fies in stalactitic masses or in “tears”. It appears that the gum is not al- 
ways produced by all the trees. The colour of the gum varies from very pale 
yellow to reddish dark brown. 


The gum dissolves more readily in hot water than in cold water and 
forms a somewhat turbid mucilage. 


It has got good adhesive properties, and, being obnoxious to insects, 
it is used in book binding. 


THE Woop 


The sapwood is pale-brown when freshly cut, turning pink-brown when 
dry. The zone of the heartwood can easily be distinguished by the dark 
brown colour when fresh as well as dry. The wood is of even texture with 
moderately close and straight grain, and it weighs 38-40 Ib. per c.ft. It is 
used for packing cases and for making charcoal. 


PESTS AND DISEASES 


The Cashew is affected by very few pests. Father Tavares (Broteria, 
XIV, January 1916) mentions a fungus parasite which attacks the branchlets, 
leaves and flowers in Brazil. Popence (1920) records that the red-banded 
thrips (Heliothrips rubrocinctus Giard) sometimes attack the tree in the West 
Indies. H. Maxwell-Lefroy mentions two other species of thrips which have 
been found on the Cashew in Mysore, India; these are Idolothrips halidaji 
Newm. and Phleothrips anacardii Newm. 


Premature shedding of flowers is common in the Cashew and usually 
only a small proportion of flowers develop into fruits. Paul (1936) observes 
that some varieties show a comparatively small percentage of shedding and 
that flower setting is controlled by light and humidity. In the cloudy 
weather setting of the flowers is poor. 


CONCLUSION 


A. occidentale has become completely naturalised in India since its 
arrival just over three centuries ago. 


There are varieties and races of the species which differ from one 
another in many respects. In view of the differences in the quality and 
size of the fruit, time of flowering of the tree and development of fruits, 
a careful selection of varieties and races is essential for large-scale cultiva- 
tion in order to ensure better yield of the fruit. 


As the tree is capable of growing in sandy and stony soils under varying 
climatic and soil conditions, it can be grown successfully in many parts of 
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India where the land is unsuited for most other crops. It is a drought-resis- 
tant species and its cultivation can easily be extended to dry zones where 
it can form a perennial crop which can thrive without irrigation. 


In view of the nutritive value of the fruit and of the use of shell oil in 
industry, and the growing demand for kernels and shell oil in foreign coun- 
tries, it would be advisable to extend the Cashew-nut plantation which can be 
considered as a waste land crop in India. 


As the cultivation and industry require only the minimum of care and 
attention, the costs of production are considerably lower than those of most 
crops in India. 
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ASCOMYCETES FROM SOUTH INDIA—III* 


By K. RAMAKRISHNAN 
(University Botany Laboratory, Madras 5) 


(Communicated by Prof. T. S. Sadasivan, F.A.Sc.) 
7. Anthostomella hibisci sp. nov. (Figs. 1-3) 


Perithecia caulicole, immersed except for the clypeus which is visible 
as a circular, raised, umbonate, black structure on the surface of the twig; 
perithecia broadly globose with a short beak; wall thin, made up of dark 
brown, pseudoparenchymatous cells, membranous; asci broadly clavate, 
unitunicate, 104-130 x 18-221; mixed with narrow, filamentous paraphyses ; 
ascospores 8, irregularly distichous, 1-celled, 4-guttulate, guttules clearly 
visible when young, faintly visible when old; spores almond-shaped, pale 
brown when young, dark brown with age, excepting for the 2, hyaline, 
bluntly pointed ends which appear as short appendages, 26-30 11-14 


Perithecia caulicola, immersa preter clypeum qui apparet ut structura 
circularis, elevata, umbonata, nigra super superficiem ramulorum; perithecia 
late globosa, rostro brevi ornata; parietes tenuis, constantes cellulis, fusce 
brunneis, pseudoparenchymaticis, membranaceis; asci late clavati, semel 
tunicati, 104-130 x 18-22 u, intermixi cum paraphysibus angustis, filamento- 
sis; ascospore 8, irregulariter distiche, semel cellulate, 4-guttulate, guttulis 
patentibus clare in juvenili statu, obscuris ad maturitatem; spore amygdalo- 
idez, pallide brunnee in juvenili statu, fusce brunnee ad maturitatem, 
excepto duplici apice hyalino, hebete, qui apparet ut duplex appendix, 
26-30 x 11-14 p. 


Typus lectus est culmis emortuis Hibisci rose-sinensis Linn., ad Shri Bagh, 


in loco Ernakulam, in statu T.C. die 7 septembris, anni 1951, a C. V. 
Subramanian, et positus in Herbario M.U.B.L. sub numero 490. 


This species shows some resemblance to Anthostomella africana (K. and 
C.) Sacc. (Saccardo, 1882) especially in the measurements of the ascospores. 
However, in A. africana there is no mention of the short, hyaline appendages 
of the ascopores. The present fungus is, therefore, assigned to a new species. 


8. Amphispheria lantane sp. nov. (Figs. 4-6) 


Perithecia caulicole, immersed at first, half erumpent finally, single or 
in groups of 4-5, conoid in longitudinal section; ostiole distinct, papillate, 


* Parts I and II of this series were published in Proc. Indian Acad. Sci., 1953, 38 B, 118-24 
and J. Madras Univ., 23 B, 145-47, respectively. 209 


Fics. 1-9. Figs. 1-3. Anthostomella hibisci, perithecium (diagrammatic), asci and ascospores. 
Figs. 4-6. Amphispheria lantane, perithecium (diagrammatic), asci and ascospores. Figs. 7--8. 
Ceratospheria crossandre, perithecium (diagrammatic), asci and ascospores. Fig. 9. Didymo- 
spheria bambusicola, asci. 
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wall of perithecium carbonous, black; asci cylindrical, produced from the 
base of the perithecium, unitunicate, 200-250 19-25; ascospores 8, 
monostichous, 2-celled, slightly constricted at the septum, ends of cells 
rounded; epispore dark brown, highly verrucose, except for one transverse 
smooth, clear, hyaline line just below the middle of the lower cell, and 4-6 
clear, smooth, hyaline longitudinal lines running from the middle of the 
lower cell to its end, 37-44x15-19,; paraphyses abundant, unbranched, 
as long or longer than the asci. 


Perithecia caulicola, primo immersa, tandem suberumpentia, singula 
vel acervata in catervas constantes e 4—5 individuis, conoidea in sectione 
longitudinali; ostiolum distincte clarum, papillatum; perithecii parietes 
carbonacei, nigri; asci cylindrici, producti e basi perithecii, semel tunicati, 
200-250 x 19-25 1; ascospore 8, monostiche, bicellulate, tenuiter constricte 
ad septum medium, apicibus rotundatis; episporium fusce brunneum alte 
verrucosum preter lineam transversam hyalinam immediate sub medio 
cellule inferioris et preter 4-6 lineas longitudinales hyalinas claras decur- 
rentes e medio ad apicem cellule inferioris; 37-44 15-19); paraphyses 
abundantes, haud ramose, eque longe ac asci, vel hisce longiores. 


Typus lectus in ramulis emortuis Lantane camere L. var. aculeate Mold. in 
campo laboratorii botanici universitatis, in urbe Madras, die 6 novembris, anni 
1951, a C. V. Subramanian, et positus in Herbario M.U.B.L. sub numero 616. 


Amphispheria Ces. & de Not. is a very large genus and a large number 
of species have been described, mostly on dead twigs of various plants. How- 
ever, in none of the species so far described is the epispore verrucose. In 
A. pulcherrima Speg. (Saccardo, 1882) both the cells of the ascospore are 
stated to be striate, but the asci are very much smaller than in the present 
fungus. 


9. Ceratospheria crossandre sp. nov. (Figs. 7-8) 


Perithecia caulicole, immersed, with the tip of the rostrum erumpent 
through the bark, about 200, in diameter; rostrum shorter than the peri- 
thecial diameter; asci arising from the base of the perithecium, clavate with 
a narrow foot and slightly thickened apical wall, 64-80 x 8-13; ascospores 
8, hyaline, 3-septate, navicular in shape, 16-19x6-4; paraphyses nume- 
rous filamentous, as long as the asci. 

Perithecia caulicola, immersa, apice rostri erumpente per corticem ca. 
200 diameter; rostrum brevius perithecii diametro; asci e basi perithecii 
surgentes, clavati, pediculo angusto, parietibus apicalibus crassioribus, 
64-80 x 8-134; ascospore 8, irregulariter distiche, hyaline, triseptate, 
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naviculares forma, 16-19x6-4; paraphyses plurime, filiformes, #eque 
longe ac asci. 


J 
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Fics. 10-14, Figs. 10-11. Hypodermella rhamni, hysterothecium (diagrammatic), and asci. 
Fig. 12. Melanopsamma indica, asci. Figs. 13-14, Metaspheria raimundoi, perithecia (diagram- 
matic) and asci. 
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Typus lectus in ramulis emortuis Crossandre undulefolie Salisb., in 
campo laboratorii botanici universitatis in urbe Madras, die 13 augusti anni 


1951, a C. V. Subramanian et K. Ramakrishnan, et positus in herbario 
M.U.B.L. sub numero 288. 


About 25 species of Ceratospheria have been described so far, but none 
on Crossandra or any other member of the Acanthaceez. The present fungus 
shows some resemblance to Ceratosphearia rhenana (Averswald) Winter 
(Winter, 1887) in ascospore measurements and in general characteristics of 


the perithecia. However, the present fungus has much smaller asci and 
perithecia than in C. rhenana. 


10. Didymospheria bambusicola v. Hohn. in Ergeb. Bot. Exped. Sudbras., 


1901 in Denk. K. Ak. d. Wiss., 83, 25, 1907; Saccardo, Syll. Fung., 
22, 175, 1913 (Fig. 9) 


Perithecia minute, black, immersed at first, slightly erumpent finally, 
asci cylindrical-clavate, with a short foot, 80-87 9-6; ascospores 8, mono- 


stichous, dark brown, 2-celled, 11-12-8x4-8 yz; filiform, septate, 
longer than the asci. 


On dead ligules of ? Bambusa sp., Agri-Horticultural Society’s Gardens, 


Madras, 25 February 1951, coll. K. Ramakrishnan and C. V. Subramanian, 
Herb. M.U.B.L. No. 102. 


The fungus agrees in all essential respects with D. bambusicola. How- 
ever, the asci are slightly longer in the present fungus. D. bambusicola was 
first reported from Brazil. It is reported for the first time from India. 


Hypodermella rhamni sp. nov. (Figs. 10-11) 


Hysterothecia foliicolous, hypophyllous, scattered on necrotic spots 
with reddish margins, minute, black, elongate-oval, each opening by a longi- 
tudinal cleft; wall membranous, made of dark brown, pseudoparenchymatous 
cells; asci broadly clavate, truncate and with a slightly thickened wall at the 
apex and a short foot at the base, 1-4 spored, mostly 2-spored, 174-230 x 
26-37 1; ascospores 1-celled, hyaline, elongate-club shaped, surrounded by 
a halo-like area while inside the ascus, the halo probably representing a 
mucilagenous covering; 56-81 11-15; paraphyses present, unbranched, 


filamentous, with slightly swollen tips, usually longer than the asci, but not 
forming an epithecium. 


Hysterothecia foliicola, hypophylla, dispersa in maculas necroticas 
marginibus rubescentibus ornatas, minuta, nigra, elongato-ovalia, patentia 
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per fissuram longitudinalem; parietes membranacei, constantes e cellulis 
fusce brunneis, pseudoparenchymaticis; asci late clavati, truncati, parietibus 
apicalibus paulo crassioribus atque pediculo brevi ad basim ornati ut pluri- 
mum 2-spori (1-4 spori), 174-230 x 26-37; ascospore unicellulate, hya- 
line, elongato-clavate, circumdate area nimbo simili in asco, nimbo prob- 
abiliter stante pro operculo mucilaginoso; 56-81 11-15; paraphyses 
adsunt, haud ramose, filiformes, apicibus tenuiter tumescentibus, ut pluri- 
mum ascis longiores sed epithecium minime efformantes. 


Typus lectus in foliis viventibus Rhamni cuisdam specei, ad Pillar Rocks, 
in collibus Kodaikanal (altitude 7,000 feet) in Madurai District, Statu 
Madras, die 12 decembris anni 1953 a K. Ramakrishnan et positus in herbario 
M.U.B.L. sub numero 1060. 


Most of the species of this genus are parasitic on the needles of conifers 
except H. symploci Petch (Petch, 1919) and H. richee@ Petr. (Petrak, 1954), 
which are on the leaves of Symplocos sp. and Richea continentis respectively. 
The present fungus has exceptionally large asci and ascospores when com- 
pared with these two species. An interesting feature of the present fungus is 
the presence of abortive ascospores in many of the asci (Fig. 11). In most 
of the asci the number of ascospores is 2, but in some the number is reduced 
to one. In some asci all the ascospores have aborted, and their remnants 
can be seen clearly. In some cases the ascospores instead of completely 
disintegrating are much reduced in size. Many asci, however, have the 
full complement of 4 ascospores characteristic of the genus. 


12. Melanopsamma indica sp. nov. (Fig. 12) 


Perithecia caulicole, superficial, black, somewhat depressed-globose ; 
wall thick, membranaceous, made up of dark brown, pseudoparenchymatous 
somewhat thick-walled cells; asci few in a perithecium, large, broadly 
clavate, rounded at the apex, and narrowed into a foot at the base, bitunicate 
with a thick inner wall and a thin outer wall, 93-126 x 33-441; ascospores 8, 
2-celled, hyaline, irregularly distichous, slightly constricted at the septum, 
27-34 x 11-18 yp. 


Perithecia caulicola, superficialia, nigra, non nihil depresso-globosa, 
parietibus crassis, membranacea, constantia e cellulis fusce brunneis, pseudo- 
parenchymaticis, crasseque parietatis; asci pauci in perithecio, ampli, late 
clavati, rotundati ad apicem, ad basim fastigiati in pediculum quemdam, 
bitunicati, parietibus interioribus crassis, exterioribus vero tenuibus, 93-126 
x 33-44u; ascospore 8, bicellulate, hyaline, irregulariter distiche tenuiter 
constricte ad septum, 27-34 11-18 
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Typus lectus in ramulis emortuis quibusdam, in collibus Tirumaiai 
dictis, in Chittoor Dist. Statu Andhra, die augusti 22 anni 1951, a K. 
Ramakrishnan, et positus in herbario M.U.B.L. sub numero 445. 


About a 100 species of this genus have been so far described. However, 
the measurements of the asci and ascospores of the present fungus do not 
agree with those of any of the known species. 


13. Metaspheria raimundoi Rehm., in Ascomycet. Philip. IV, Leaflets of 
Philip. Botany, VI, 1919, 1913; Saccardo, Syll. Fung., 1928, 24: 954 
(Figs. 13-14) 


Perithecia immersed, erumpent only by the tip, ostiolate, conoid, up to 
600 in diameter; asci long, cylindrical, with a narrow foot, 148-178 
X7-:4; ascospores 8, monostichous, hyaline, 4-celled, at first 2-celled, 


with one large central vacuole in each cell, 22-265; paraphyses abun- 
dant, filamentous. 


On dead twigs of Crossandra undulefolia Salisb., Madras University 


Botany Laboratory Garden, August 31, 1951, coll. C. V. Subramanian, 
Herb. M.U.B.L. No. 433. 


M. raimundoi was first described from the Philippines on Leucena glauca. 
The present fungus agrees closely with this species except for the slightly 


longer asci and the larger perithecia. This is the first record of this fungus 
for India. 


14. Microcyclus phebes sp. nov. (Figs. 15-18) 


Foliicole, stromata amphigenous, mostly hypophyllous, scattered, black 
0-25-0-5 mm. in diameter, entirely superficial except for the centrally situated 
foot which penetrates the leaf tissue; stroma made up of brown, pseudo- 
parenchymatous, somewhat thick-walled cells; loculi many in a stroma, 
globose to elliptical, 90-120 x 60-80, no clear ostiole visible; asci few in 
a loculus, clavate to fusiform, 56-67 x 13-16, bitunicate, with a thin outer 
wall and a thick inner wall, apex of the ascus truncate; interthecial threads 
present separating the asci; ascospores hyaline, 2-celled, cells unequal, upper 
cell being broader and shorter, 18-21 x 5-6-4 yn. 


Foliicolus; stromata amphigena, ut plurimum epiphylla, dispersa, nigra, 
0-25-0-5 mm. diameter, penitus superficialia preter pediculum centralem, 
qui textus plantae hispitis penetrat, constantia e cellulis brunneis, pseudo- 
parenchymaticis, pariete non nihil crasso ornatis; loculi plures in stromate, 
globosi vel elliptici, 90-120 60-80 ostiolo haud patente; asci pauc 


in singulis loculis, clavati vel fusiformes, 56-67 x 13-16 », bitunicati, parietibus 
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exterioribus tenuibus, interioribus vero crassis, apice, tunicato, filamentis 
interthecialibus ascos separantibus; ascospore hyaline, distiche, bicellulate, 
cellulis inequalibus, cellula superiore latiore atque breviore, 18-21 x 5-6-4 yu. 


Typus lectus in foliis abscssis atque luteolis Phebes paniculate Nees, 
in loco Mercara, in Statu Coorg, die 12 octobris anni 1953 a C. V. Subra- 
manian et positus in herbario M.U.B.L. sub numero 954. 


Fics. 18-22 
Figs. 15-18. Méicrocyclus phebes: Fig. 15, stromata and loculi (diagrammatic); Fig. 16, 
asci; Fig. 17, dehisced asci; Fig. 18, ascospores. Figs. 19-21. Phyllachora cyperi, stroma, 
loculi (diagrammatic), asci and ascospores. Fig. 22. Phyllachora minuta, asci. 

Four species of this genus are known according to a recent mono- 
graph (Muller and Sanwal, 1954); but none on Phebe or any other member 
of the Lauracez. The ascus dehisces by the breaking of the outer thin wall 
and the elongation of the inner thicker wall (Fig. 17). 


15. Phyllachora cyperi Rehm in Thumen, Contr. myc. Lus. n. 282; 
Saccardo, Syll. Fung., 1883, 2, 606 (Figs. 19-21) 

Stromata caulicole, black, shining, linear, clypeus present; locules 

1-3 in a stroma; asci cylindrical with a narrow foot, 133-162x 11-15 y; 
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ascospores 8, monostichous, l-celled, hyaline, fusiform or short clavate, 
with bluntly pointed ends, 12-27 x 5-6-4; paraphyses present, filamentous, 
hyaline, as long as the asci. 


On living culms of Fimbristylis sp., Marina, Madras, 14 February 1951. 
coll. C. V. Subramanian and K. Ramakrishnan, Herb. M.U.B.L. No. 56 
and No. 1116, July 22, 1954, coll. K. Ramakrishnan. 


This fungus was first reported from Spain. This is the first record of 
this fungus for India. The host is new. 


16. Phyllachora minuta P. Henn., in Fungi Javanici novi, Hedwigia, 1902, 
p. 143; Saccardo, Syll. Fung., 1905, 17, 832 (Fig. 22) 


Spots amphigenous, circular to irregular; stromata amphigenous, 
minute, pulvinate, black, shining, 0-5-1 mm. diameter; asci clavate with 
an obtuse apex and narrow base; 85-119x10-17,; ascospores sub-dis- 
tichous, 1-celled, hyaline ellipsoid to ovoid, 16-20x8-9-6; paraphyses 
filamentous. 


On living leaves of Hibiscus tiliaceous Linn., Pullepady, Ernakulam, 
T.C. State, May 6, 1953, coll. C. V. Subramanian, Herb. M.U.B.L. No. 940. 


The present fungus agree very closely with P. minuta P. Henn., first 
described on Hibiscus sp., from Buitenzorg, Indonesia. The asci and asco- 
spores are slightly larger in the present collection. This is the first record 
of the fungus for India. 


I thank Prof. T. S. Sadasivan for much encouragement during the course 
of this work and the Rev. Fr. Dr. H. Santapau, s.J., for kindly translating 
the diagnoses into Latin. I also thank the Government of India for a travel- 
grant for fundamental research, which enabled some of the collections to 
be made. 
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DEVELOPMENT OF ASSIMILATING SURFACE IN 
RELATION TO LEAF INDICES AND DRY MATTER 
ACCUMULATION 


By M. S. SuspBA RAo* AND K. N. LAL 
(College of Agriculture, Banaras Hindu University) 


Received September 23, 1955 
(Communicated by Shri K. L. Khanna, F.A.sc.) 


INTRODUCTION 


A CRITICAL examination of the methods adopted for leaf surface estimation 
shows that various mechanical devices have been adopted to gain this end. 
Of these tracing individual leaves and determining their area by counting 
squares or by planimeter, preparing blue prints of leaves for leaf area 
measurements*® * 10 use of chartometers and photosensitised papers, photo- 
electric devices of various types,® * 1% 2° certain leaf indices! % 1% 22, 27 
have been employed for leaf surface determination. Some of these 
methods are costly or cumbersome and less adopted for estimation of leaf 
area in growing plants. Hopkins (1939) and others have evolved similar 
methods of estimating leaf area in growing plants based on simple leaf 
measurements. 


Leaf surface expansion has been utilised in estimation of the efficiency 
of growth under the different conditions of nutrition.** Positive correlation 
between leaf area and width of the widest foliage leaf and between other 
linear measurements® has been established. Surface tension of 
root production,‘ yield*® *° drought-resistance,™ * and quality of fruits?! 2% 
have all been said to be controlled by leaf area. 


Leaf surface expansion has been said to be largely determined by cell 
division, growth, chemical and physical changes in leaf tissue and internal 
variations in age, maturity, carbohydrate and mineral salt balance, nutrient 
levels and intensity of environmental factors particularly day length during 
the growing season (Ashby, 1949). 


In a study on the interrelation of various leaf characteristics in sugar- 
cane, it has been shown that leaf surface expansion is highly correlated with 
leaf length, leaf width and leaf dry weight.'® Specific relation between the 
linear measurements and leaf area have been found in sugarcane,'* barley,}” 
maize!® and paddy.’® To what extent leaf surface expansion in various 


* At present working as Sugarcane Physiologist at the Central Sugarcane Research Station, 
Pusa. 
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Graminaceous plants is related to its (i) linear measurements of length and 
breadth and (ii) leaf and plant dry weights is analysed in the subsequent 
pages. 

EXPERIMENTAL RESULTS 


Interrelation between linear measurements of leaf, leaf area, leaf dry weight 
and plant dry weight 


A. Linear measurement and leaf area.—In order to trace the specific 
relation, if any, between leaf length and leaf width in wheat, barley, maize, 


sugarcane and paddy, a sample of 22 leaves of various stages of develop- 
ment was taken at random from the standing crop in different seasons. The 


Fic. 1. Relation between normal leaf area and area of the reoriented 
halves of the leaf, 
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respective leaf areas of all the 22 leaves along with their length from the leaf- 
tip to the ligule and width in the middle of the leaf were estimated. In 
linear leaves, the relation between leaf area and length and breadth is clear 
from reoriented halves of each leaf arranged upside down in the manner 
as shown in Fig. 1 B and C. The area of the blade arranged in its new 
orientation (Fig. 1 C) is more or less proportional to the area of a rectangle 
with its two sides remaining equal to the length and width of the leaf. 


Actual determination of the observed area and the product of length 
x breadth (Table I) showed that this product was invariably higher than 


TABLE I 


Relation between Linear Measurement and Leaf Area in Wheat 


Leaf Leaf Leaf LxB Leaf Calculated* Observed 

No. length(L) width (B) factor (K) area (A,) area (A) 
1 36°4 1-6 58-0 1-23 46-22 47-08 
2 35-7 1-3 46-4 1-26 36°83 26-57 
3 33-1 1:5 49-6 1-28 39-41 38-70 
4 31-6 1°8 1-90 45-14 47-85 
5 31-4 1-3 40-8 1-12 32-39 36-37 
6 31-4 47-1 1-38 37-38 35-99 
7 29-7 44-5 1-29 35°36 34-44 
8 29-2 1-3 37-9 1-29 30-12 29-41 
9 28-9 1:4 1-29 32-10 31-34 
10 28-7 1-8 49-6 1-17 41-01 42-31 
11 28-6 1°6 45-7 1-28 36°32 35-53 
12 28-5 1-1 31-3 1-31 24-88 23-86 
13 27-9 1-9 49-0 1-23 42-07 39 -66 
14 26°9 1-5 40-3 1-23 32-03 32-70 
15 26°8 1-2 32:1 1-39 25-52 23-09 
16 1-4 37-2 1-32 27-45 28-07 
17 26-3 1-5 39-4 1-30 31°31 30-18 
18 25-7 1:0 25-7 1-27 20-39 20-12 
19 25°3 1-1 27°8 1-14 22-09 24-38 
20 21-3 1-0 21-3 1-30 16-90 16°38 
21 20-3 1-1 22-3 1-21 17-72 18-31 
22 19-7 1-0 19-7 1-26 15-63 15-60 
Total 620-0 30°4 862-9 27-74 688 -27 687 -94 


* Calculated by the formula for individual leaf area: 
Log A = (Log L + Log B) — Log K 

where A = Area, L = Length, B = Breadth and K = Average factor L » B/Area. 

Difference between observed and calculated area on total population 0-04%. 


4 
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f- the individual areas of the leaves by 1-14 to 1-39 in wheat. Similar calcula- 
in tions in barley, paddy, maize and sugarcane showed that the factor L x B/ 
ar actual area, varied from 1-06 to 1-31 in barley, 1-22 to 1-50 in paddy, 
er 1-18 to 1-54 in maize, and 1-52 to 1-75 in sugarcane (Table II). Average 
fe TABLE II 
Comparative Value of Leaf Factor (K) in Various Graminaceous Crops 
th Leaf No. Wheat Barley Paddy Maize Sugarcane 
an 
1 1-23 1-27 1-49 1-41 1-52 
2 1-26 1-18 1-40 1-41 1-61 
3 1-28 1-26 1-32 1-54 1-59 
— 4 1-19 1-15 1-30 1-48 1-62 
5 1-12 1-14 1-42 1-31 1-64 
ed 6 1-38 1-09 1-31 1-37 1-52 
\) 7 1-29 1-25 1-38 1-18 1-72 
8 1-29 1-11 1-41 1-45 1-61 
9 1-29 1-25 1-32 1-28 1-54 
10 1-17 1-13 1-22 1-34 1-75 
11 1-28 1-21 1-50 1-30 1-57 
12 1-31 1-13 1-22 1-34 1-75 
) 13 1-23 1-13 1-32 1-33 1-51 
14 1-23 1-18 1-26 1-27 1-61 
) 15 1-39 1-17 1-41 1-23 1-59 
| 16 1-32 1-21 1-34 1-32 1-53 
17 1-30 1-24 1-38 1-22 1-60 
; 18 1-27 1-09 1-27 1-27 1-65 
l 19 1-14 1-31 1-31 1-23 1-66 
3 20 1-30 1-13 1-32 1-32 1-74 
6 21 1-21 1-06 1-36 1-35 1-52 
6 22 1-26 1-25 1-40 1-28 1-63 
0 
: Average 1-26 1-17 1-35 1-32 1-60 
8 
: estimate of this factor K for the 22 leaves sampled in each of these crops 
8 varied as follows: Wheat 1-26, barley, 1-17, paddy 1-35, maize 1-32 and 
1 sugarcane 1-60. That this ratio was independent of their respective leaf areas 
0 has been shown by the value of the correlation coefficients obtained between 
4 the area and the value of K in all the five crops (Table III). None of the 


correlation coefficients were significant indicating thereby that the leaf factor 
K did not vary in any specific manner with increasing or decreasing area 
of the leaves. On the other hand correlation coefficients between leaf area 
and each of the leaf indices, length (L), breadth (B), and the product (Lx B) 
showed a very high positive correlation. The relation between leaf area 
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Fic. 2. Relation between leaf area and linear leaf indices in Sugarcane (variety Co. 453), Paddy (variety, 
laya), Barley (variety, C. 251), Maize (variety, Jainpur) and Wheat (variety, Pusa 52). 
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Rp — Breadth of leaf and K — Average factor L =< B/Area. 


B)— Log K. 


Calculated area by the formula. 
— Lenath of teaf: 


= Observed area; 


A 
Where 
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and the other leaf indices is plotted in Fig. 2 where leaf length, leaf width 
and the product LxB showed a straight line relationship with leaf area as 
against the leaf factor K which showed no clear relations with leaf area. 
This indicated the possibility of tracing some specific relation between the 


linear measurements and development of leaf surface in these Graminaceous 
crops. 


Knowing the value of the leaf factor K it was possible to estimate the 
area of individual leaves on the basis of the following relations :— 


_ LxB 
or 
Log A = Log L — Log B — Log K (1) 


where A, L, B and K represented area of one surface, length, breadth and 
leaf factor respectively. Calculated in this way the estimated area based on 
formula (1) was found to approach the observed area within an experimental 
error of 0-004, 0-3, 0-8, 1-8 and 0-6 per cent. for wheat, barley, paddy, 
maize and sugarcane respectively for a population of 22 leaves (Table IV). 
This indicated the possibility of utilization of the leaf factor Lx B/A or K 
in estimating the total leaf surface exposed on the plant. 


If individual leaf area was not required and if only total leaf surface 


was to be estimated, the above formulae could be modified to give the desired 
value as follows:— 


ZA=ZLx ZB 
KxN 


Log ZA = Log ZL + Log 2B — Log K — Log N 


or 


(2) 

In this equation total area on the whole plant with N number of leaves 
could be calculated from the total length (2L) and total width (2B) values 
of the total population of leaves on the plant, leaf factor (K) remaining the 
same. Calculated in this way, the estimated area by formula (2) approached 
the actual area within 1-1 per cent. in wheat, 2-1 per cent. in barley, 


3-2 per cent. in paddy, 6-6 per cent. in maize and 0-1 per cent. in sugarcane 
(Table V). 


Formula (2) therefore may usefully be employed for estimating leaf 
surface exposed on the plant at various stages of the life-cycle. All that 
was needed was to have linear measurement of length and breadth of all 
leaves on the plant and an estimate of the leaf factor K on a sample of leaves 
separately collected at random. This formula had several advantages over 
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TABLE V 


Relation between Total Linear Growth of Leaves, Leaf Factor and 
Calculated and Observed Leaf Area in Different Graminaceous Crops 


Character Wheat Barley Paddy Maize Sugarcane 

Totalleaf No.(N) .. 22 22 22 22 22 
Length (cm.) .. 620:°0 368-0 1016-3 976°6 2497 -6 
Breadth (cm.) .. 30°4 31°4 93-9 
Leaf factor (K) af 1-26 1-17 1-35 1-32 1-60 
*Total calculated area 

(A,) (sq.cm.) .. 680-0 318-8 1074-0 3147-1 5356-0 
Total observed area (A) 

(sq.cm.) .. 687-94 325-96 1039 -85 3371-6 5349-73 
% Difference : 

~ x 100 1-1 2+1 3-2 6-6 0-1 
* By formula: 


Log ZA = (Log ZL + Log =B) — (LogK + Log N), 


A=Total area; L= Total length; B=Total breadth; K = Average factor 
LxB/Leaf area; N = Number of samples. 


where 


other advocated methods of leaf area estimation. It did not involve the 
use of any hypothetical constant K nor did it entail the removal of leaves 
or use of any costly appliances. No appreciable injury was done to the 
plants while taking these measurements which were completed well within 
10 minutes of recording the linear measurements. Its utility in estimation 
of leaf area in Graminaceous plants at various stages of growth has there- 
fore been recommended.?*-!9 


B. Relation between leaf area and leaf dry weight.—The relation between 
leaf surface expansion and dry weight of the individual leaves was established 
in an earlier investigation'® where very high positive correlation between 
these two characters was recorded. It is now attempted to trace this rela- 
tion in greater detail in the three Graminaceous plants, namely, paddy, 
maize and barley. Thirty plants were selected at random from differently 
treated paddy plots. The total leaf area on each of these 30 plants was 
determined by the method described previously. Dry weight of leaves on 
these 30 plants was also estimated. The ratio leaf dry weight/leaf area 
was calculated (Table VI). This ratio X was found to vary between 0-0050 
to 0-0071 for the different samples with an average value of 0-0061. Using 
this factor X the total leaf dry weight was calculated as follows :— 
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LW = LAxX 
or 
Log LW = LogA + Log X (3) 
where LW = calculated leaf weight of sample. 
TABLE VI 
Relation between Leaf Area and Dry Weight of Leaves in Paddy 
Observed Observed Leaf weight Calculated* 
Leaf No. leaf leaf dry oo leaf dry 
area weight Leaf area weight 
1 281-3 1-46 0-005190 1-7159 
322-8 1-66 0-005141 1 -9690 
3 256-1 1-34 0-005232 1-5622 
4 306-7 1-58 0-005152 1-8708 
5 234-2 1-32 0-005636 1-4286 
6 222°8 1-26 0-005656 1-3590 
7 206-1 1-30 0-006306 1-2572 
8 255°1 1-34 0-005253 1-5561 
9 827-3 5-30 0-006400 5-0465 
10 652-3 3-80 0-005826 3-9790 
1] 579-7 4-14 0-007142 3-5361 
12 624-0 3-82 0-006122 3-8064 
13 453-7 3-20 0-007052 2-7675 
14 613-7 3-92 0-006387 3+7435 
15 646-0 4-34 0-006719 3-9406 
16 466-0 3-28 0-007039 3 -8426 
S 17 541-3 3-54 0-006540 3-3019 
e 18 593-0 3-74 0-006306 3-6173 
n 19 609-0 3-72 0-006108 3-7149 
20 495-0 3-34 0-006747 3-0195 
mn 21 492-3 3-48 0-007068 3-0030 
e- 22 299-9 2-02 0-006736 1-8293 
23 511-0 3-28 0-006419 3-1171 
24 625-3 3-82 0-006109 3-8143 
on 25 553-3 3-50 0-006327 3-3751 
ed 26 583-3 3-32 0-005692 3-5581 
27 498-7 2-58 0-005174 3 -0420 
= 28 634-0 3-20 0-005047 3-8674 
la- 29 505-3 3-14 0-006213 3 -0823 
ly, 30 554-3 3-54 0-006387 3-3812 
tly Total 4443-5 89-28 0- 183126 88 - 1040 
jas 
on *Calculated by formula: 
rea Log LW = Log A + Log X, 
50 where 
ne LW = Leaf dry weight; A = Leaf area; X = Average factor Leaf weight/Leaf area. 


% Difference between observed and calculated dry weight of 30 leaves 1-3. 


; 
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LA = leaf area of sample and X = Factor leaf dry weight/leaf area. Calcu- 
lated leaf dry weight for the 30 samples in paddy was found to be 88-104 
against the actual dry weight of 89-28 gm. with an experimental error of 
1-3 per cent. only (Table VI). 


Similar calculations in maize and barley showed that the average ratios, 
dry weight of leaf/area of leaf for the 30 samples of leaves was 0-00313 and 
0-00181 respectively (Table VII). Using these factors, for the calculations 
of the individual leaf dry weight in the crops by the formula (3) it was found 


TABLE VII 


Comparative Value of Factor x Dry Weight of Leaf|Area of Leaf, in Various 
Graminaceous Crops 


Leaf No. Paddy Maize Barley 


0-005190 0-003101 0-001586 
0-005141 0-002612 0-002035 
6-005232 0-003336 0-001290 
0-005152 0-003014 0-001293 
0-005636 0-002586 0-001620 
0-005656 0-002566 0-001323 
0-006306 0-003233 0-002299 
0-005253 0-003077 0-001609 
0-006400 0 -003593 0-001767 
0-005826 0-002789 0-001797 
0-007142 0-003110 0-001696 
0-006122 0-003619 0-001783 
0-007052 0-002797 0-002093 
0-006387 0-003762 0-001752 
0-006719 0 -002873 0-002182 
0-007039 0-003035 0-002383 
0-006540 0-003332 0-001356 
0-006306 0-003660— 0-002146 
0-006108 0-002276 0-002336 
0-006747 0-003149 0-002228 
0-007068 0-002235 0-001368 
0-006736 0-003109 0-001308 
0-006419 0-002717 0-001445 
0-006109 0-002815 0-001403 
0-006327 0-003271 0-001498 
0-005692 0-003536 0-002285 
0-005174 0-003608 0-002335 
0-005047 0-003672 0-002313 
0-006213 0-003266 0-001827 
0-006387 0-003530 0-001718 


0-0061 0-00313 0-00181 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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that the actual and the calculated values were 89-28 and 88-10 for paddy, 
62-39 and 58-81 for maize, 16-5 and 15-00 for barley (Table VIII). It 


TABLE VIII 


Relation between Observed and Calculated Dry Weight of Individual Leaves 
in Different Graminaceous Crops 


Paddy Maize Barley 
Leaf No. 
w Wy w Wy w 
1 1-46 1-7159 1-44 1-392 0-0460 0-0493 
5 2 1-66 1-9690 0-39 0-447 0-0652 0-1071 
3 1-34 1-5622 0-24 0-308 0-0485 0-0639 
4 1-58 1-8708 2°14 2-130 0-0318 0-0418 
5 1-32 1-4286 1-19 1-380 0-0588 0-0618 
6 1-26 1-3590 0-29 0-339 0-0450 0-0578 
- 7 1-30 1-2572 1-48 1-373 0-0517 0-0676 
8 1-34 1-5561 0-16 0-156 1 -3006 1 -3736 
9 5-30 5-0465 4-23 3-531 0-1520 0-1462 
10 3-80 3-9790 0-49 0-527 0- 1886 0-1785 
11 4-14 3-5361 0-96 0-926 1-5440 1-5470 
12 3-82 3-8064 3-75 3-110 0-7970 0-7599 
1l3@ 3-20 2-7675 0-29 0-311 0-1700 0-1350 
14° 3-7435 5-00 3-989 1-3128 1-2726 
15 4-34 3-9406 0-27 0-282 0-1401 0-1091 
16 3-28 2+8426 2-12 2-094 2-2630 1-6139 
17 3-54 3-3019 4-70 4-235 0-1400 0-1754 
18 3-74 3-6173 4-17 3-419 1 -0900 0-8632 
19 3-72 3-7149 2-95 3-889 0-1570 0-1142 
20 3-34 3-0195 0-53 0-739 1 -2000 0-9156 
21 3-48 3-0030 1-29 1-731 0-0640 0-0795 
22 2-02 1-8293 0-97 1-380 0-0722 0-0938 
23 3-28 3-1171 2-65 2-925 0-0971 0-1142 
24 3-82 3-8143 1-70 1-812 0-0833 0-1009 
25 3-50 3-3751 3-29 3-018 0-0746 0-0846 
26 3-32 3-5581 2-60 2-205 0-5830 0-4338 
27° 2-58 3-0420 3-07 2-553 0-1700 0-2165 
28 3-20 3 +8674 4-30 3-513 0-7100 0-5219 
29 3-14 3-0823 3-42 3-143 1 -6307 1-5164 
30 3-3812 2°31 1-962 2-2130 2-1896 


Total 89-28 


88-104 62°39 58-819 


w = Observed leaf dry weight; 
w, = Calculated leaf dry weight by the formula: 
Log LW = LogA + Log X, 
where 
LW= Leaf dry weight; 
A = Leaf area. 
X = Average factor, Leaf dry weight/Leaf area 


4 
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seemed therefore possible to predict with fair degree of accuracy the dry 
weight of leaves from the total leaf area computed on the basis of the indi- 
vidual length and width measurement of leaves. The two formulae (2) and 
(3) were therefore combined as follows :— 
ZA = ZLxZB 
KXN 


ZLW=2A xX (3) 


Combining the two equations, the relation between linear measurements 
and leaf area could be expressed as 


ZLW=2LxZB 
KxN 


Log 2LW = LogZ2L + Log 2B + LogX — LogK—LogN, (4) 
where LW = leaf dry weight; L and B= length and breadth of leaf; 
K = leaf factor (Lx B/A); X = factor for dry weight (Leaf dry weight/ 
Leaf area); and N = Number of samples. 


The experimentally determined leaf dry weights from the above equa- 
tion (4) tallied well within the limits of an experimental error of @ 3, 2-2 
and 3-7 per cent. in paddy, maize and barley respectively (Table IX). 


TABLE IX 


Relation between Total Area of Leaves, Total Observed Leaf Dry Weight and 
Calculated Dry Weight of Leaves in Different Graminaceous Plants 


xX 


or 


Character Paddy Maize Barley 


Total leaf No. ba 30 30 30 
Leaf area ‘is 14443-5 19609 -6 8828 -6 
Leaf dry weight(w) .. 89-28 62-39 16-50 
Factor 0-0061 0-0031 0-0018 
Total calculated* dry 

weight (w,) 88-10 60-96 15-88 
% Difference : 

x 100 1-3 2-2 3-7 


w 


* By formula 
(Log =LW + Log =B + Log X) —(Log K + Log N), 


where 
LW = Total leaf weight. X = Average factor Leaf area/Leaf weight 
L = Total length. K = Average factor L x B/Area 
B_ = Total breadth. N -= Number of samples. 


= 


its 


(4) 
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Further, the log calculated leaf weight values when plotted against the log 
actual leaf weight values in all the crops showed .a smooth and rigid rela- 
tion along a straight line inclined at 45°. Similar relation was also exhibited 
when the actual log leaf area was plotted against the calculated log leaf area 
in all these crops (Fig. 3). These studies therefore indicated beyond doubt 


x100) 


Log (actual leaf area 


x100) 


3'75- 


Log (actual leaf area 


x100) 


Log (actual !eaf area 


350 4°50 150 2°50 
Log (Calculated leaf area Log (Calculated leaf 
x100) = dry weight x 100) 


150 2°50 
Log (Calculated plant 
dry weight 


Fic. 3. Relation between (a) actual and calculated leaf areas, (6) actual and calculated 


dry weights of entire plants and (c) actual leaf dry weight and calculated leaf dry weight 
per plant in barley, paddy and maize. 


that there was always a co-ordinated development of external dimensional 
characters of the leaf, the total leaf surface and the total leaf dry 
weight. 

B3 
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C. Relation of the total dry weight of the plant and dry weight of the 
foliage—Having seen that the leaf length and leaf width were highly cor- 
related with the leaf area and the leaf area was highly correlated with the 
leaf dry weight, it was considered necessary to determine whether leaf dry 
weight was correlated with the total dry weight of the plant. If it was so, 
whether a formula could be developed establishing the relation between the 
leaf dry weight and the total dry weight of the plant. To gain this end, a 


TABLE X 
Relation between Leaf Dry Weight and Plant Dry Weight in Maize 


Observed Observed Leaf dry weight Calculated* 
Leaf No. leaf dry plant dry plant dry 
weight weight Plant dry weight weight 
factor Y 


0-430 0-441 0-473 
0-480 0-458 0-502 
1-640 0-384 1-569 
2-440 0-418 2-540 
3-340 0-362 3-021 
2-130 0-370 1-967 
0-503 0-450 0-572 
0-763 0-380 0-722 
0-823 0-437 0-896 
2-026 0-370 1-867 
3-757 0-375 3-551 
3-030 0-369 2-789 
0-570 0-403 0-572 
0-780 0-410 0-797 
0-830 0-433 0-896 
1-340 0-432 1-444 
2-010 0-432 2-166 
0-563 0-426 0-597 
0-853 0-425 0-904 
0-793 0-445 0-879 
2-200 0-445 2-211 
2-663 0-394 2-615 
2-599 0-407 2°615 
1-717 0-425 1-818 


Total 15-546 38-980 10-293 38 


ADO WOK NWN 


0- 
0: 
0: 
1- 
0: 
0: 
0: 
0: 
0- 
1- 
0: 
0- 
0- 
0- 
0- 
0- 
0- 
0- 


°% Difference between observed and calculated dry weight of 25 plants 0-7. 


* By formula: 
Log P,, = Log LW — Log Y, 
where 


P,, = Plant dry weight. 
LW= Leaf dry weight. 
Y = Average factor, Leaf weight/Plant weight. 


| 
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the sample of 25 plants of maize, barley and paddy were taken from the pot 
Of- experiments irrespective of the conditions of nutrition under which they 
the were cultured. The ratio, leaf weight/plant weight for the individual plants 
dry was determined. The ratio “‘ Y” was found to vary between 0-362 to 0-45 
60; in maize for the different samples with an average value of 0-4117 (Tables X 
¥ and XI). The corresponding figures for paddy and barley were 0-3107 and 
TABLE XI 
Comparative Value of Factor Leaf Dry Weight/Plant Dry Weight in 
Different Graminaceous Plants 
: Leaf No. Maize Paddy Barley 
1 0-441 0-316 0-602 
2 0-458 0-305 0-584 
3 0-384 0-315 0-469 
4 0-418 0-351 0-494 
5 0-362 0-330 0-493 
6 0-370 0-229 0-439 
7 0-450 0-283 0-459 
8 0-380 0-310 0-460 
9 0-437 0-348 0-476 
10 0-370 0-239 0-465 
ll 0-375 0-256 0-451 
12 0-369 0-320 0-472 
13 0-403 0-342 0-484 
| 14 0-410 0-360 0-592 
| 15 0-402 0-325 0-625 
| 16 0-433 0-390 0-548 
| 17 0-432 0-231 0-446 
18 0-432 0-230 0-418 
19 0-426 0-249 0-413 
20 0-425 0-288 0-439 
" 21 0-445 0-333 0-471 
) 22 0-445 0-367 0-502 
, 23 0-394 0-333 0-508 
5 24 0-407 0-372 0-450 
5 0-425 0-346 
Average 0-417 0-3107 
6 


0-4861 respectively. These factors being known they were utilised for 
calculating the total plant dry weight by the formula 


Log Pi» = Log LW — Log Y (5) 


or 


for individual plants. 


if 
4 
4 
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For total plants: 
Log ZP,, = Log LW — Log Y + LogN (6) 
was used. Where Py = plant dry weight, LW = Leaf dry weight, and Y 
= factor, leaf weight/plant weight. 


TABLE XII 


Relation between Observed Plant Dry Weight and Calculated* Plant Dry 
Weight in Different Graminaceous Plants 


Maize Paddy Barley 


Ws Ws 


= 


0-430 
0-480 
1-640 
2-440 
3-340 
2-130 
0-503 
0-763 
0-823 
2-026 
3°757 
3-030 
0-570 
0-780 
0-720 
0-830 
1-340 
2-010 
0-563 
0-853 
0-793 
2-200 
2-663 
2-579 
1-717 


0-93 
0-89 
0-83 
3-70 
6-93 
7°55 
7-98 
9-92 
7-80 
8-95 
8°81 
4-93 
5-02 
0-27 
0-32 
0-31 
2°35 
3-99 
5-03 
2°91 
2-12 
2-33 
2°81 
4-28 
3-01 


Total 38 -980 43-32 103-98 


1 
2 
3 
4 
5 
6 
7 
8 
9 


= 60 


COASCAOK 


No 


% Difference between observed and calculated dry weight of 25 plants. 
Maize 0-7; Paddy 0-8; Barley 7-7. 
ws = Observed plant dry weight. 
w, = Calculated plant dry weight. 
* By formula: 
Log P,, = Log LW-—Log Y, 
where 
P, = Plant dry weight. 
LW= Leaf dry weight. 
Y = Average factor, Leaf dry weight/Plant dry weight. 


a 
0-473 
1-569 
2-540 
3-021 
1-967 
0-572 
0-722 
0-896 
10 1-867 
11 3°551 
at 12 2-789 
13 0-572 
14 0-797 
15 0-722 
a 16 0-896 
17 1-444 
18 2-166 
19 0-597 
a 20 0-904 
21 0-879 
22 2-211 
23 2-615 
24 2-615 0-73 3-83 
25 1-818 3-22 2-48 
95-95 
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It was found that the observed and calculated values for maize by the 
formula (5), for the 25 plants sampled for this purpose, was 38-980 and 
38-706 respectively, showing a. percentage error of 0-8 and 7-7 per cent. 
respectively (Table XII). When the average figure for this factor was utilised 
in calculating the total leaf dry weight (2LW) of the entire sample of 25 plants 
by the formula (6), it was noted that the observed and the calculated values 
differed by only 4-7 per cent. in paddy and 4-4 per cent. in barley and 3-1 per 
cent. in maize (Table XIII). The calculated figures for the three crops were 
well within 5 per cent. experimental error commonly allowed for field investiga- 
tions. 

TABLE XIII 


Relation between Total Leaf Weight, Observed Plant Dry Weight and 
Calculated Dry Weight in Different Graminaceous Plants 


Character Maize Paddy Barley 


Total leaf number 25 25 25 
Leaf weight 15-346 12-82 48 -30 
Plant weight (w,) .. 38 -980 43-32 103-98 


Factor 


0-3107 0-4861 
Calculated* plant weight (w,) 37-76 41-26 99 -36 


W3s— 


% Difference: 100 4-7 4-4 


* By formula: 


Log JP, (Log SLW+ Log N) — Log Y, 
where 


»o = Total plant weight. 
LW= Total leaf weight. 
N = Number of samples. 


Y = Average factor, Leaf dry weight/Plant dry weight. 


The relation between leaf weight, and plant weight being established 


by formula it was considered necessary to combine it with the other formule 
(1), (3) and (5) as follows :— 


Py = L/Y (5) 
LW= AxX (3) 


Since 


i 
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and 
A = LxB/K 


P= AxX/Y 
P= LxXBxX/KxY 
Log P = Log L + Log B + Log X — Log K — Log Y (7) 


for individual plant weight determination. If individual plant weights were 
not desired and only total weight of a population of N plants was desired 
the above formula (7) could be modified as follows:— 


= ZLxZBxX/KxYXxN 


Log 2P = Log ZL + Log ZB + Log X — Log K — Log Y — Log N 
(8) 


therefore 
or 


or 


or 


TABLE XIV 
Relation between Linear Measurement and Plant Dry Weight in Paddy 


Leaf Leaf Total Actual plant Calculated* plant 


Sample ength breadth leaf No. weight dry weight 


27°61 27-86 
17-58 18-92 
20-22 21-99 
16°34 15-73 
9-63 10-50 
18-24 16°81 
23-91 23-88 
9-33 9-17 
9-83 10-36 
19-45 19-11 
19-67 18-73 
12-67 11-68 
19-14 18-82 
30-60 29-62 
16°56 16-69 


1467-5 
1078-3 
1209-6 
865-5 
707-7 
963-2 
1274-7 
618-8 
661-1 
898-1 
1128-6 
704 -6 
937-0 
1443-5 
1044-1 


Total 15002 -3 242-3 270-78 269 +87 
%, Difference between observed and calculated dry weight of 15 plants: 0-3. 
* By formula: 
P,, = (Log L + Log B + Log X) — (Log Y — Log K), 


lant weight. 

Leaf length. 

Leaf breadth. 

Factor, Leaf dry weight/Leaf area. 
Factor, Leaf dry weight/Plant dry weight. 
, LxB/Leaf area. 


DAN 


> 


where 


AX x 


ao 


8) 
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TABLE XV 


Relation between Observed and Calculated* Dry Weight of Entire Plants in 
Different Graminaceous Plants 


Maize 


Paddy 


Barley 


= 


Ws 


We 


1 9-88 7-92 27°61 27-86 12-71 11-08 
2 3-87 3°62 17-58 18-92 6-98 7-72 
3 4-78 5-10 20-22 21-99 8-10 8-00 
a 9-02 7-03 16-34 15-73 14-00 12-85 
5 7-97 6-16 9-63 10-50 7°50 6-82 
6 16-35 17-09 18-24 16-81 9-44 8-29 
7 10-14 8-25 23°91 23-88 10-33 9-22 
8. 8-73 8°17 9-33 9-17 1-38 2-00 
9 14-17 12-93 9-83 10-36 8-29 7:10 
10 8-98 7-32 19-45 19-11 7-06 5-64 
11 9-31 10-96 19-67 18-77 2°81 2-89 
12 9-98 8-75 12-67 11-65 6°38 4-78 
13 52-61 50-32 19-64 | 18-82 11-11 10-91 
14 5 +56 7°18 30-60 29 -62 20-82 20-47 
15 21-97 21-18 16°56 16-69 1-93 1-90 
Total 182-01 193-32 270-78 269 128-84 119-67 


% Difference between observed and calculated dry weight of 15 plants: 
Maize 6.2; Paddy 0-3; Barley 7-1. 
_ Ws = Observed plant dry weight. 
We = Calculated plant dry weight. 
* By formula: 


P, = (Log L + Log B + Log X) — (Log Y — Log K), 


where 
P,, = Plant dry weight. 
L = Leaf length. 
B = Leaf breadth. 
X = Factor, Leaf dry weight/Leaf area. 
Y = Factor, Leaf dry weight/Plant dry weight. 
K = Factor, L*xB/Leaf area. 


where 2L = total length of leaves, 2B = total breadth of leaves, X = factor, 
leaf dry weight/leaf area, Y = factor, leaf weight/plant weight, K = factor, 
Lx B/area and N = number of leaves (green and dry), on the sample. Since 
total dry weight at any stage was the resultant of all leaves formed on the 
plant previous to the stage of sampling, the total leaf area must necessarily 
include the area of all green and dry leaves on the plant, and all calculations 
must necessarily be based on this estimation of total leaf surface exposed 
per plant. 


f 
No w 
4 
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To test the accuracy and utility of these formulae (7) and (8) for 
plant weight determination directly from leaf linear measurements, another 
sample of 15 plants was taken at random from differently treated pot cultures. 
The calculated plant dry weights were shown alongside the actual plant 
dry weights recorded on oven dry basis in Tables XIV and XV. Differences 
between the two were slight with an error of 6-2, 0-3 and 7-1 per cent. in 
maize, paddy and barley respectively for the total population of 15 plants. 
Formula (8) was utilised to estimate the plant dry weight directly from the 
values of total length and total leaf width of the entire leaves. Estimated 
in this way, differences between observed and the actual dry weight were 
found to be 9-2, 3-4 and 4-9 per cent. respectively (Table XVI). The results 
appeared to be fairly well within the limits allowed for biological investiga- 
tions in pot and field culture at least in paddy and barley. 


TABLE XVI 


Relation between Linear Leaf Measurement and Dry Weight of Entire Plant 
in Different Graminaceous Plants 


Character Maize Paddy Barley 


Total sample number is 15 15 15 
> Leaf length 
> Leaf breadth 


Total number of leaves 
sampled 


Plant dry weight (w;) 
Calculated* dry weight (wg) .. 
Ws—We 


% Difference: 
Ws 


* By formula: 
=P,, =(Log =L + Log =B +- Log X) — Log Y — Log K — LogN), 


Total plant dry weight. 

Total length. 

Total breadth. 

Factor, Leaf dry weight/Plant dry weight. 
Factor, L x B/Leaf area. 

Number of leaves sampled. 


where 


325-0 395-0 960-0 
182-01 270-78 128-84 
165-14 262°54 122-41 
sae — x 100 9-2 3°4 4-9 
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While the utility of the above equations appeared established in these 
pot culture investigations where the medium provided a homogeneous condi- 
tion for the growth of the root with usually few soil factors varying at one 
time, its applicability under field conditions where many factors simultane- 
ously varied, remained to be determined. The formula might serve its 
purpose equally well with certain modifications in the value of the three con- 
stants, K, X and Y, which should necessarily be estimated under those condi- 
tions of culture and nutrition in the manner shown in the previous pages. 
If found satisfactory for field studies as it was for pot cultures, this formula 
would provide an adequate tool for evaluating dry weights of plants along- 


side the leaf areas and would enable calculation of nett assimilation rates 
with fair degree of precision. 


DISCUSSION 


A critical examination of the data recorded in the previous pages con- 
firmed the observations published by Lal and Mehrotra (1950) and Lal and 
Rao (1950, 1951) regarding the interrelation between linear measurements 
of leaf and development of leaf assimilating surface in all the five Grami- 
naceous crops. It has also been pointed out that this relationship could be 
made practical use of in the determination of the total assimilating surface 
in maize, wheat, barley, sugarcane and paddy well within the limits of 5 per 
cent. experimental error. High positive correlation between leaf length 
and leaf area, between leaf. width and leaf area, between leaf area and leaf 
dry weight, further pointed out that there was a co-ordinated development 
of the leaf assimilating surface in length, breadth, area and weight. In 
addition to these interrelations, the leaf factor K which depicted the rela- 
tion Lx B/Leaf area was found to vary independently of any of the linear 
characteristics, of total leaf surface or of total leaf weight. It depicted some 
sort of a constant relationship between the product Lx B and the total leaf 
assimilating surface—a relation which was found independent of leaf area 
variations due to age or developmental stage of the foliage. At an average 
the values of this factor varied in the order of 1-17, 1-26, 1-32, 1-35 and 
1-60 for barley, wheat, maize, paddy and sugarcane (Table II). Since leaves 
of Graminaceous plants developed more or less in a linear fashion, slight 
variations in the value of this factor K from one species to another, could 
not be attributed to differential type of leaf shapes in these plants. Its rela- 
tion with certain other inherent characteristics of the species such as the 
speed with which cells divide and grow in different directions and the orienta- 


tion of tissues, contributing to leaf surface expansion, may provide valuable 
light on this ratio. 
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It has also been noted that leaf area and leaf weight showed high posi- 
tive correlation in as much as, an increasing leaf surface was always asso- 
ciated with greater production of living and non-living tissues. That this 
was so, was evident from the relation of leaf weight/leaf area for the various 
samples of leaves collected for this purpose (Table VI). At an average this 
ratio was found to be 0-0061 for paddy, 0-00313 for maize and 0-00181 for 
barley. Here again, the interspecific variations were sufficiently wide and 
could not be accounted for, on the basis of any specific physiological 
characteristics of these crops. These ratios, however, were utilised in deter- 
mination of the total dry weight of the leaf in a given sample where leaf area 
was known (formula 3). The calculated dry weights agreed within less 
than 5 per cent. of the actual, showing thereby that the factor X (Leaf weight/ 
Leaf area) was another physiological constant which might be effectively 
utilised to some practical purpose. It depicted the efficiency with which 
increase in area kept pace with the increase in dry weight of the leaves. That 
this factor X was independent of plant’s efficiency to increase its foliage 
weight was shown by lack of any appreciable correlations between these two 
variables, and also lack of interrelation between this factor and leaf area 
development (Table III). 

Among the internal factors controlling leaf expansion attention was 
drawn to the effects of varieties, age of the plant, and tiller age, all of which 
were found in sugarcane, another Graminaceous crop to alter the foliage 
assimilating surface in different growing seasons of the year. Among the 
environmental factors also attention was invited to the conditions of tempera- 
ture and light which determined to a large extent the development of leaf 
assimilating surface in sugarcane.'* Asides from these conditions of environ- 
ment and internal characteristics, leaf surface expansion was also found to 
be determined by the conditions of nutrition, under which these plants 
were grown. To what extent these growth correlations would be useful in 
practical agriculture would be elucidated in a subsequent publication. 

SUMMARY 

An attempt has been made in the previous pages to trace the inter- 
relation between linear measurements of leaf, leaf surface expansion, leaf 
dry weight, and plant dry weight under different conditions of nutrition in 
pot cultures and under field conditions. 

It was shown that leaf area was invariably related to the ei measure- 
ments of leaf length and leaf width in the middle of the blade. This relation- 
ship has been expressed by the following equations :— 

For individual leaf: 


Log A = Log L + Log B — Log K 


. 
i 


leaf 
1 in 


ure- 
ion- 


Assimilating Surface in Leaf Indices and Dry Matter Accumulation 281 


For a population of N leaves on the plant: 
Log ZA = Log ZL + Log 2B — Log K — LogN 


where A, L, B and K are the area, length, breadth and leaf factor res- 
pectively. The leaf factor K appeared to be an important physiological 
constant depicting the relation between Lx B/A and was found to be inde- 
pendent of age of plant or size of the leaf. 


Correlation coefficients between leaf area, and the different factors 
length, breadth, Lx B,.and K showed a high correlation between area vs. 
length, area vs. breadth, area vs. LxB; but correlation between area and 
K was not significant at all. 


Leaf area in plant was also found to be highly correlated with leaf dry 
weight and plant dry weight. There seemed to be a specific relation between 
linear measurements, increase in leaf area, dry weight of leaves and dry 
weight of entire plant. This relationship has been expressed by the equations : 
Relation between linear measurements and leaf dry weight. Log2LW 
= Log ZL + Log 2B + Log X — Log K — LogN. Linear measurement and 
plant dry weight. Log P,, = Log 2L + Log SB + Log X — Log K — Log Y 
—Log N. Where Py = plant dry weight, L = Length, B = Breadth, 
X = factor leaf dry weight/leaf area, Y = factor leaf weight/plant weight, 
K = LXB/A and N = Number of leaf samples. 


Leaf area, leaf dry weight and plant dry weight calculated on the basis 
of the above three formulae were found to agree well within 5 per cent. of 
experimental error and as such these formule are put forward as easy tools 
to workers in this field of research. 
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FUNGI IMPERFECTI FROM MADRAS—VII 


By C.,V. SUBRAMANIAN, F.A.Sc. 
(University Botany Laboratory, Madras 5) 


Received October 14, 1955 


"IN this paper three new species of Fungi Imperfecti collected from the Nilgiris 


are described: Arthrobotryum coonoorense on living leaves of Thysanolena 
maxima, Chloridium indicum on dead leaves of a palm and of Phenix canari- 
ensis, and Dendryphion digitatum on dead stems. Two other fungi are 
recorded from India for the first time, viz., Pseudocamptoum fasciculatum 
(Cke. and Mass.) Mason and Septonema harknessii (Ellis) Hughes. 


35. Arthrobotryum coonoorense sp. nov. 


This fungus was first collected by Prof. Sadasivan and myself on living 
leaves of Thysanolena maxima from the Sim’s Park, Coonoor, during a visit 
in 1953. The fungal colonies were large, often occupying considerable areas 
on the leaves, but no spots were formed. The colonies are amphigenous 
and deep black in colour. The coremia vary in length from 630-1,120n. 
The coremial stalks are brownish black to deep black, arising singly or in 
small clusters of 2-5, somewhat swollen at the base where they are 60-170 uv 
thick, cylindrical in the middle, composed of septate, dark brown fungal 
hyphe 3-5 » broad, expanded at the tip into a fan-shaped portion composed 
of the free ends of numerous conidiophores. The stalks are 21-56 broad 
in the middle and 42-63 » broad and paler in colour immediately below the 
fan-shaped crown. The fan-shaped crown of conidiophores is pale to dark 
brown in colour and 210-550 x 56-700.u. The conidiophores (free ends) 
are brownish below, paler above, unbranched, cylindrical, up to 20-septate, 
up to 500 long, 5-0-8-5y broad. The conidia are produced singly and 
acrogenously at the tips of the conidiophores. They are spindle-shaped 
to obclavate, with smooth, thick, often wavy walls, constricted at some of 
the septa, golden brown in transmitted light, with up to eight transverse septa, 
flat-based, with rounded blunt tip, 30-85 x 9-4-13-6y, and 5-1-8-5y 
broad at the point of attachment to the conidiophore. The conidiophore 
may proliferate through the scar of the fallen conidium. 


The Arthrobotryum described above comes closest to A. rickii H. and 
P. Sydow (see Saccardo, Sylloge Fungorum, 22, 1455) and A. inge P. Henn. 
(see Saccardo, Sylloge Fungorum, 25, 939), but differs sufficiently from 
both of them to warrant being placed under a new species. 
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Fic. 1. Arthrobotryum coonoorense from type specimen (Herb. M.U.B.L. No. 984). A, 
coremia on the substratum; B, apical portion of coremium showing fan-shaped crown of conidio- 
phores ; C-I, stages in the development of conidia; J, tip of a conidiophore showing scar; 
K-L, proliferation of conidiophores; M, showing attachment of conidium to conidiophore; 
N, young and mature conidia. 
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Arthrobotryum coonoorense SUBRAMANIAN SP. NOV. 


Colonie nigre, amphigene, late patentes in textibus plante hospitis. 
Coremia singula vel 2-5, basi lata vel nonnihil tumescente, pediculo desinente 
in capitulum flabelli simile radians conidiophororum liberorum, 630—1,120 » 
alta. Stipes coremialis brunneo-alter vel alte ater, constans hyphis fusce 
brunneis, septatis, 3-5 latis, 60-170 crassus ad basim tumescentem, 
cylindricus atque 21-56 crassus in medio, evadens pallidior atque 42-63 » 
latus ad apicem immediate infra conidiophororum capitulum. Radiantes 
conidiophori pallide vel fusce brunnei, 210-550 x 56-700. Conidiophori 
cylindrici, haud ramosi, usque vicies septati, usque ad 500» longi, 5-0-8-5 yu 
lati. Conidia fusiformia vel obclavata, parietibus crassis, levibus, undulatis, 
usque 8-septata, constricta ad septa nonnulla, auree brunnea, complanata 
ad basim, apice rotundato atque hebete, 30-85 x 9-4-13-6y, 5-1-8-5y 


lata ad basim complanatum, producta singula acrogene ex apicibus conidio- 
phororum. 


Typus lectus in foliis viventibus Thysanolene maxime (Roxb.) Kuntze 
in loco Sim’s Park, Coonoor, in regione Nilgiris, in Statu Madras, die 
8 decembris anni 1953, a T. S. Sadasivan et 'C. V. Subramanian et positus in 
Herb. M.U.B.L. sub numero 984; species lecta etiam in foliis Thysanolane 
maxime in eodem loco die 25 septembris 1955 a C. V. Subramanian et 
positus in eodem herbario sub numero 1380. 


36. Chloridium indicum sp. nov. 


This fungus was also collected from the Nilgiris and was found growing 
on dead leaves of palms. The colonies are blackish brown to black and effuse 
on the substratum. The repent hyphe are thick-walled, branched, septate, 
pale brown in colour and 1-7-2-5y broad. The conidiophores are produced 
laterally from cells of the repent hyphe and are erect, straight or bent, brown, 
simple, cylindrical, smooth-walled, darker towards the base and paler above, 
fertile towards the tip, producing conidia acropleurogenously, up to 1304 
long, 3-4-4-3 » broad at the base, and up to 5-1 uw broad at the fertile region. 
The spore-bearing part of the conidiophore is wavy in outline, pale in colour 
and thicker than the rest of the conidiophore, and has numerous scars indi- 
cating points of attachment of fallen conidia. The conidia are one-celled, 
smooth-walled, globose, each with a prominent mamillate base where it is 
attached to the conidiophore, subhyaline to pale brown, and 5- 1-7-7 (mostly 
6-8)» in diameter. 


Habit: on dead leaves of Phenix canariensis Chabaud, Sim’s Park, 
Coonoor, Nilgiris District, Madras State, 8-10-1953, coll. T. S. Sadasivan 
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and C. V. Subramanian (Herb. M.U.B.L. No. 987); on dead leaves of palm, 
Sim’s Park, Coonoor, 8-10-1953, coll. C. V. Subramanian, Herb. M.U.B.L. 
No. 930 (Type). 


This fungus is easily placed in the Hyphomycetes-Dematiaceaz-Amero- 
spore. The unbranched conidiophores and the one-celled conidia produced 


Fic. 2. Conidia and conidiophores of Chloridium indicum from type specimen (Herb. M.U. 
B.L. No. 930). 


singly and acropleurogenously towards the tips of conidiophores are character- 
istic of the genus Chloridium and since, however, it differs from the several 
species of this genus so far known, it is being described as a new species. 


Chloridium indicum SUBRAMANIAN SP. NOV. 


Colonie atro-brunnee. Hyphe repentes pallide brunnee, septate, 
ramose, 1-7-2-5,. late. Conidiophori lateraliter surgentes cellulis hypha- 
rum repentium, erecti, recti vel curvati, brunnei, simplices, subhyalini atque 
fertiles prope apices, producentes conidia acropleurogene, usque ad 130y 
longi, 3-4-4-3 lati ad basim, 5-1 lati in regione fertili. Conidia uni- 
cellulata, levibus parietibus predita, globosa basi prominenter mamillata, 
subhyalina vel pallide brunnea, 5-1-7-7 (ut plurimum 6-8), diam. 

Typus lectus in foliis emortuis palme cuiusdam, in loco Sim’s Park, 
Coonoor, in District Nilgiris, in statu Madras, die 8 octobris anni 1953 a 
C. V. S. et positus in Herb. M.U.B.L. sub numero 930; species lecta etiam 
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in foliis emortuis Phenicis canariensis Chabaud in eodem loco die 8 decembris 
1953 a T. S. Sadasivan et C.V.S. et positus in eodem herbario sub numero 987. 


37. Dendryphion digitatum sp. nov. 


This fungus was first collected by me from Coonoor growing on dead 
stems in October 1952 (Herb. M.U.B.L. No. 828) and has recently been 
collected on similar substrata from Ootacamund (Herb. M.U.B.L. No. 1381). 
The fungus forms brownish black, effuse colonies on the substratum. The 
repent hyphe are pale to dark brown, septate, branched and 10-164 broad. 
The conidiophores are distinct and arise laterally from cells of the repent 
hyphe, and on the substratum are aggregated in clusters. They are erect, 
straight or bent, stout, thick-walled, dark brown below, becoming paler above, 
long, usually up to 8-septate (rarely many-septate), usually unbranched except 
at the apices where they are variously branched, up to 350 » long (rarely up to 
1050 »), 10-8-16-2 broad at the base, and 10-8-12-6 broad near the apex 
where the branches arise. The spore-bearing cells of the conidiophore have 
scars indicating the points of attachment of the fallen conidia. The conidio- 
phore often proliferates through the scar of a fallen conidium. The conidia 
are produced acropetally in chains, are short or elongate, pale brown to brown 
in colour, subcylindrical and broadest towards the middle or nearer the base, 
many- (up to 20-) septate, torulose and distinctly constricted at the septa, 
minutely verrucose, straight, bent or curved variously, with a prominent scar 
at the base showing the point of attachment to the conidiophore and 14-110 


- x 10-8-23-4. Many conidia are digitate with two to three arms, usually 
of unequal length, thus giving rise to branched chains of conidia. The api- 
ter- cal growth of the conidiophore is often stopped by the production of an api- 
eral cal acropetal chain of phragmospores and growth may be continued by the 
3. production of an outgrowth just below the scar of the fallen conidium and 
further conidial chains being borne at the tip of the outgrowth. This pro- 
cess may be repeated. In other cases, the tip of the conidiophore is branched 
ate, dichotomously or otherwise and the tips of these branches behave in the same 
pha- manner as the tips of unbranched conidiophores mentioned above. Another 
tque interesting feature is that the conidia may themselves behave as conidio- 
30 p phores and produce further conidia. 
uni- Habit: on dead stem, Coonoor, Nilgiris District, Madras State, 
lata, 9-10-1952, coll. C.V.S., Herb. M.U.B.L. No. 828 (Type); on dead stem, 
Government Gardens, Ootacamund, Nilgiris District, 25-9-1955, coll. 
Park, C.V.S., Herb. M.U.B.L. No. 1381. 
53 8 The fungus is a hyphomycete belonging to the Dematiacee-Phragmo- 
stiam 


spore and is clearly a Dendryphion. As far as I am aware, no species of the 
B4 
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genus Dendryphion has so far been described agreeing with my fungus. I, 


therefore, propose a new species for it, and am naming it D. digitatum, from 
the digitate conidia which are characteristic of my fungus. 


Fic. 3. Dendryphion digitatum from type specimen (Herb. M.U.B.L. No. 828). A, conidio- 
phores; B, basal part of conidiophores; C-D, apical part of conidiophores showing attachment 


of conidium and development of conidia; E, young and mature simple conidia; F, young and 
mature digitate conidia. 
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Fungi Imperfecti from Madras—VII 
Dendryphion digitatum SUBRAMANIAN Sp. NOV. 


Colonie brunnee nigra, effuse. Hyphe repentes pallide vel fusce 
brunnee, ramosz, septate, 10-16, late. Conidiophori surgentes lateraliter 
e cellulis hypharum repentium, fasciculati, erecti, recti vel curvati, validi, 
crassis parietibus prediti, septati, dendroidei ad apicem, usque ad 350 p longi, 
10-8-16-2, alti ad basim, 10-8-12-6y lati sub apice. Conidia acrogena 
in apice stipitis principis conidiophori, vel in apice eius ramorum, acropetale 
producta simpliciter vel ramose catenulata, brunneola, usque vicies sep- 
tata, subcylindrica, torulosa atque distincte constricta ad septa, minute verru- 
cosa, recta, curvata vel flexa, cicatrice prominenti basali predita, sepe 2-3- 
digitata, 14-110 x 10-8-23-4y. 


Typus lectus in ligno emortuo in loco Coonoor, in districtu Nilgiris, 
in Statu Madras, die 9 octobris anni 1952, a C.V.S. et positus in Herb. M.U.B.L. 
sub numero 828. 


38. Pseudocamptoum fasciculatum (Cooke and Massee) Mason, 1929, apud 
Ciferri, 1929, in Micoflora Domingensis, Estac. Agron. de Moca, Ser. B. 
Botan., 14, p. 155; Mason, E. W., 1933, Mycol. Pap. 3, p. 26, ic. 
Basonym: Monotospora fasciculata Cooke and Massee, 1892, in Grevil- 
lea, 21, p. 29; Saccardo, 1895, Sylloge Fungorum, 11, 
p. 613. 
Synonym: Pseudocamptoum citri Frag. and Cif., 1925, in Bol. R. Soc. 
Espanola, 25, p. 454, ic. 


Three collections of this fungus have been made by me: one from Erna. 
kulam (Travancore-Cochin State) and two from the Nilgiris (Madras State). 
The fungus forms dark brown effuse patches on the substratum. The growth 
consists of dense tufts of numerous conidiophores arising from a somewhat 
obvious stroma immersed in the substratum. The conidiophores are erect, 
straight or bent, often sub-flexuose, many-septate, simple, unbranched, pale 
brown to deep brown in colour, thicker walled towards the base, darker in 
colour below and becoming progressively paler towards the tip which is geni- 
culate, up to 500 long and 3-4-8-5 broad. The septa on the conidio- 
phore are about 17 apart. The conidia are pale to dark brown in colour, 
one-celled, typically lozenge-shaped and flattened with a longitudinal germ 
slit, with a pale ridge on the convex dorsal side and a scar at the base indi- 
cating the point of attachment to the conidiophore, produced acrogenously 
and singly as blown-out ends at the tips of the conidiophores and the ends of 
successively developed new growing points immediately below the scar of 
the previous conidium, and 11-9-15-3 x 6-8-13-6y. 
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Collections: on dead peduncles of Cocos nucifera L., Ernakulam, T.-C. 
State, 14-5-1953, coll. C.V.S., Herb. M.U.B.L. No. 980; on dead leaf rachis 
of Phenix canariensis Chabaud, Sim’s Park, Coonoor, Nilgiris District, 
8-12-1953, coll. T. S. Sadasivan and C.V.S. (No. 986); 25-9-1955, coll. 
C.V.S. (No. 1379). 


The characters of the fungus collected by me match well with those of 
Pseudocamptoum fasciculatum given by Mason (1933, p. 26), except for the 


J 


Fic: 4. Pseudocamptoum fasciculatum. A, conidiophores arising from stromatic tissue; 
B, upper part of conidiophore showing point of attachment of conidium; C-G, stages in the deve- 
lopment of conidia; H, proliferation of conidiophore; I-J, conidia (A and I from Herb. M.U.B.L., 
No. 986; B, H and J from No. 980; the rest from No. 1379). 


somewhat shorter conidiophores of my fungus. Mason, however, was not able 
to see conidia definitely attached to the long brown hyphe which were only 
provisionally regarded as conidiophores by him. It is now clear that Mason’s 
interpretation is correct and the conidia are, indeed, produced acrogenously 
from the tips of the long conidiophores. My observations also confirm those 
of Hughes (1953) on conidial formation in this fungus. 


Apart from the synonymy given above, Hughes (1953) has suggested 
that Sporostachys Sacc. (Saccardo, 1931, p. 936) is an earlier generic name 
for Pseudocamptoum. According to him Melanographium Sacc., based on 
M. spleniosporum Sacc. (Saccardo, 1931, p. 936) is also probably the same. 
Following Hughes, then, Sporostachys maxima Sacc. = Melanographium 
maximum (Sacc.) Sacc. (Saccardo, 1931, p. 937) should be considered the same 
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as the fungus reported here as Pseudocamptoum fasciculatum. I have also 
noticed that there is some similarity between P. fasciculatum and Virgaria 
nigra Nees (the type species of Virgaria Nees), as figured recently by Hughes 
(1953, p. 602, Fig. 30), in the nature of the conjdia and their production, al- 
though the conidiophores are branched in the latter fungus. 


39. Septonema harkenssii (Ellis) Hughes, 1953, in Canad. J. Bot., 31, p. 585. 
Basonym: Dendryphion harknessii Ellis, 1881, in Bull. Torrey bot. Cl., 
8, p. 27 (as Dendryphium); Saccardo, Sylloge Fungo- 

rum, 4, p. 488. 
The fungus forms effuse brownish colonies on the substratum. The 
repent hyphe are subhyaline to pale brown in colour, septate and branched. 
The conidiophores are erect, straight or bent, simple, dark brown in colour, 


Fic. 5. Conidiophores and conidia of Septonema harknessii from Herb. M.U.B.L. No. 990. 


paler towards the tip, thick-walled, long and cylindrical, smooth, up to 20- 
septate, septa mostly equidistant (distance between septa 8-5-18-7,), up to 
260 » long, up to 10-2 broad at the base, 5-1-6-8, broad in the middle 
and 3-4-6-8, broad at the tip. The conidia are produced acrogenously 
at the tip of the conidiophore in simple or branched acropetal chains. They 
are golden brown to brown in colour, darkest about the middle and with a 
subhyaline apical cell, thick-walled, up to 5-septate, somewhat subcylindrical, 
broadest in the middle and narrower towards the base and the tip, with the 
basal cell crucible-shaped and with a scar, the apical cell with rounded ends, 
smooth, and 18-7-35-7 x 6-8-8-5y. 
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Habit: on dead leaf base of Phenix canariensis Chabaud, Sim’s Park, 


Coonoor, Nilgiris District, 8-12-1953, coll. T. S. Sadasivan and C.V.S., 
Herb. M.U.B.L. No. 990. 


The fungus agrees well with the description of Dendryphion harknessii. 
I follow Hughes, however, in placing it under Septonema. 
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TUBERCULATUS (MULLER) 
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(From the Department of Zoology, Lucknow University’) 
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INFECTION with larval trematodes brings about a modification in the cellular 
structure of the infected tissues. Although earlier workers (Lebour, 1911; 
Faust, 1920) have studied the pathology of the infected digestive gland in the 
molluscs, Agersborg (1924) was probably the first to give a clear picture of 
the cytophysiological changes in the liver of Physa gyrina and Planorbis 
trivolvis due to larval fluke infection. F. G. Rees (1931, 1934) and later 
W. J. Rees (1936) also made similar observations. Among the more 
recent work on these lines Cort, Olivier and McMullen (1941), Pratt and 
Barton (1941), and Pratt and Lindquist (1943) are noteworthy contributions. 
The present paper gives an account of the changes induced by a larval mono- 
stome in the digestive gland of a freshwater snail, Melanoides tuberculatus 
(Miller). 

MATERIAL AND METHODS 


After isolating the infected snail in the laboratory and identifying the 
nature of the infection, the digestive gland of the snail was dissected out in 
normal salt solution. Pieces of the gland, about 2 mm. in size, were fixed in 
Carnoy’s, Zenker’s, Gilson’s and Bouin’s fluid. Following usual dehydra- 
tion and embedding in paraffin, sections 4-6 in thickness were cut and 
stained with double-staining technique. Pieces of digestive gland from non- 
infected Melanoides tuberculatus (which had been kept under observation 
in the laboratory and did not shed cercarie for over two months) were simi- 
larly prepared for comparison of structure. 


Normal digestive gland.—The normal digestive gland presents a healthy 
yellowish brown appearance and a smooth outer surface. The histological 
structure of the digestive gland as revealed in sections is very characteristic. 
In an uninfected condition the digestive gland is composed of a large number 
of blindly ending tubules each covered over with a layer of connective tissue. 
The adjacent layers of the long tubules are separated at places by the blood 
sinuses and the whole gland is covered over with a smooth external lining 
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of connective tissue. The nuclei in the cells occupy the basal part. Gene- 
rally four main types of cells (Fig. 1), very much similar to what Van Weel 


Fic. 1. Part cf a section of the normal (uninfected) hepatic tubule of Melanoides tuberculatus- 

A. Triangular cell showing calcium globules. B. Columnar cell with big vacuole con- 
taining a cluster of small granules inside the vacuole. C. Columnar cell containing a number 
of small vacuoles and tiny granules. D. Columnar cell without vacuoles but containing granules. 
(1950) described in African Giant Snail, Achatina fulica Fer, can be distin- 
guished : 


A. Triangular cells lying between the columnar cells and without any 
vacuoles but containing calcium globules and fine granules = Ca’-cells of 
Van Weel (1950). 


B. Columnar cells with big vacuoles containing clusters of small 
granules inside them =“‘b’’-cells of Van Weel (1950). 


C. Columnar cells containing a number of small vacuoles and tiny 
granules = “y”’-cells of Van Weel (1950). 


D. Columnar cells without vacuoles but containing granules = “ p”- 
cells of Van Weel (1950). 


Infected digestive gland.—The infected digestive gland appears to assume 
a pale yellow or slate grey colour. At the place where there is a rapid growth 
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and multiplication of the larval stages the surface of the digestive gland often 
shows small projections which may sometimes rupture the outer layer of the 
gland. Marked internal changes in the cell structure of the infected digestive 
gland have been noticed. To begin with, at an early stage of infection the 
columnar cells show a tendency to lay down transverse partitions (Fig. 2) 
across their length. At the same time the partition walls between different 


Fic. 2. Part of a section of the infected hepatic tubule of Melanoides tuberculatus showing 
early changes in the cells. 7 


A. Triangular cell showing calcium globules. C. Columnar cell containing a number of 
small vacuoles and tiny granules. 


nu., nucleus; ¢.p., transverse partition; vac., vacuole. 
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columnar cells begin to disintegrate. This results in an aggregation of a 
number of small squarish cells simulating squamous epithelium (Fig. 3). 


mm. 


Fic. 3. Part of a section of the infected hepatic tubule of Melanoides tuberculatus showing 
marked changes in ine cells. 
nu., nucleus; f.p., transverse partition; vac., vacuole. 


With the further disintegration of the cell walls, a syncitial nucleated mass 
results (Fig. 4). The nuclei which usually occupy the base of the cells in 
the normal gland begin to migrate from the base towards the apex and in 
those cases where normal columnar cells are replaced by an aggregation of 
a number of squarish cells, the nuclei even tend to disintegrate. The vacuoles 
and the granules seen normally in the different types of columnar cells of the 
digestive gland also undergo modifications. With the disappearance of the 
cell outlines, typical shape of the various cells is lost. In fact the arrangement 
into the four types of cells as seen in the normal uninfected gland becomes 
less apparent or may entirely disappear. The triangular calcium cells lose 
their calcium globules which form such a distinguishing feature of these 
cells in the normal gland. Besides these changes all the cells appear to be 
full of dark pigment. Lastly, instead of the numerous small vacuoles seen 
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Fic. 4. Part of a section of the infected hepatic tubule of Melanoides tuberculatus showing 
disintegration of the cells and formation of the syncitial mass. 


nu., nucleus; sy. m., syncitial mass; vac., vacuole. 


in the columnar cells of an uninfected gland, only a few large vacuoles of 
globular shape are seen in the infected gland. At places where infection is 
very heavy, there is a total necrosis of the gland tissue (Fig. 5) which is prac- 
tically replaced by these larval trematodes. 


DISCUSSION 


Various degrees of cell disintegration have been noticed in the digestive 
gland of Melanoides tuberculatus (Miller). The disappearance of the cal- 
cium globules from the triangular cell (= Calcium cell of Van Weel, 1950) 
produces an adverse effect on the calcium metabolism of the snail. It is 
said that the shell of snail which contains calcium salts helps in buffering the 
acidic products of anaerobiosis (Culbreth, 1941; Robertson, 1941). Also 
he acidity of the hepatic tubules in the digestive gland is neutralized by the 
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Fic. 5. Section of the infective digestive gland of Melanoides tuberculatus showing necrosis 
of the gland tissue (hepatic tubules) and replacement by the parasites. 


Cr., cercaria; h.t., hepatic tubuie; Re., redia. 


calcium globules contained within the triangular cells. This helps in main- 
taining a constant pH in the internal medium of the snail. In case of such 
infection where the loss of calcium globules is enormous the snail would 
not be able to meet its normal requirements of calcium. Whether the deposit 
of calcium in cells of the infected gland is interfered with or the calcium 
globules are used up in neutralizing the acidic secretions of the larval trema- 
todes is not clear. The disintegration of the cell structure would interfere with 
the normal digestion and absorption in the infected digestive gland. There 
would be no production of the enzymes; in fact with the disappearance of cell 
granules the secretory activities of the cells would be greatly diminished. 


i ee 298 M. B. LAL AND PREMVATI 
TA 
¢ 5 

ht. 
Re. 


‘Osis 


uch 
uld 
osit 
ium 
ma- 


Agersborg, H. P. K. 


Cort, W. W., Olivier, L. and 
McMullen, D. B. 
Culbreth, S. E. 


Faust, E. C. 


Lebour, M. V. 


Pratt, I. and Barton, G. D. 


Pratt, I. and Lindquist, W. D. 


Rees, F. G. 


Rees, W. J. 


Robertson, J. D. 


Van Weel, P. B. 


Histopathology Studies—Changes in Digestive Gland of M. tuberculatus 299 


SUMMARY 


An account is given of the effects of infection in the digestive gland of 
Melanoides tuberculatus (Miiller) by a monostome larval trematode. The 
distinction into four types of cells of the tubules of digestive gland as seen in 
the normal uninfected gland is lost due to this infection. The columnar 
cells become squarish and may even change into a nucleated syncitial mass. 
Loss of calcium globules and cell granules together with the disintegration 
of the cell would impair the normal metabolic activity of the snail. 
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CONTROVERSIAL observations have been made regarding active relaxation 
of muscle. Ramsey and Street (1941) have shown that a single frog muscle 
fibre floating in Ringer’s solution returns spontaneously to its resting length 
after stimulation, provided that it is not allowed to shorten more than one- 
third of its rest length. They consider this relaxation to be active; it is more 
rapid than can be accounted for by any external force acting on the fibre. 
Hill (1949), using whole muscle, did not find any active relaxation; nor did 
he find any heat of relaxation (Hill, 1950). Whatever heat is released during 
the period of relaxation can be accoynted for by degradation of mechanical 
energy. We stimulated frog’s rectus abdominis when unloaded, with potas- 
sium and acetylcholine, but did not observe any relaxation on cessation of 
stimulation, in marked contrast to dog’s stomach muscle, which relaxes 
under such conditions (Singh and Singh, 19505). We did not find active 
relaxation in Mytilus muscle (Singh, 1951, 1952), nor is any heat produced 
during relaxation (Abbott and Lowy, 1955). 


If loaded unstriated muscle is stimulated chemically or electrically, it 
may relax. If however the muscle is unloaded, then some muscles relax 
whilst others fail to do so. For example, unloaded guinea pig’s uterus and 
frog’s stomach muscle relax when treated with adrenaline, whilst unloaded 
rabbit’s gut muscle, which is very sensitive to adrenaline when loaded, does 
not relax. Mytilus muscle also does not relax when unloaded. Relaxation 
of unloaded unstriated muscle was first described by Singh (1944). 


The next question is whether the relaxation of unloaded muscle is due 
to pulling on it by internal elastic structures or not. If this be the case, then 
the muscle would be loaded and relaxation passive. To answer this question 
we have to compare the behaviour of loaded and unloaded muscle towards 
certain agencies. 

These agencies interfere with metabolism in some way or other. If 
the muscle is asphyxiated or treated with sodium cyanide (1 in 10,000) then 
loaded muscle may relax profoundly, but unloaded muscle does not relax; 
on the contrary it may contract. Similar effects may be produced with 
sodium azide or iodoacetic acid. These experiments would therefore dispose 
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off the objection that relaxation of unloaded muscle might be due to internal 
elastic structures. 


This view is supported by further experiments. Asphyxiated or cyanide 
treated unloaded muscle may react to adrenaline by relaxation if it is treated 
with glucose. To show that this effect of glucose is metabolic, the muscle is 
then treated with iodoacetic acid. The glucose treated muscle then fails to 
relax with adrenaline. These experiments leave no doubt as to the active 


nature of the relaxation process in some unstriated muscles (Singh and 
Singh, 1952). 


Since some unloaded unstriated muscles do not relax, whilst other do so, 
our conclusion is that in unstriated muscle, there are two systems; in one the 
relaxation is active and in the other passive. This may be related to Szent 
Gyorgyi’s two processes, R, and Rg. 

In striated muscle, there have been some controversial observations. 
The difference in techniques of the two sets of observers is that in one case 
(Ramsey and Street), the muscle was unloaded, and in the other case (Hill), 
the muscle was loaded. It is possible that when the muscle is loaded, then 
the active relaxation is absent. 


Some experiments suggest such an inference (Singh and Singh, 1950 a). 
Thus many substances cause relaxation of unloaded muscle, but not when 
it is loaded. In the present research, these experiments have been extended, 
and it has been concluded that loading the muscle in some way affects its 
properties, so that it does not relax actively. 


EXPERIMENTAL 


These experiments were performed on dying and heat-killed muscles. 
Pieces of the transverse muscle of the stomach of the frog, Rana tigrina, were 
used, as active relaxation is easily obtained in this muscle. Two pieces were 
taken from the middle of the stomach, and one piece was loaded so that it 
stretched by about 100 per cent. of its initial length in 24 hours. The other 
piece was used unloaded. 


The length of these pieces was first measured, that of the muscle to be 
loaded being measured between the ligatures. They were then immersed 
in unoxygenated saline. The length of the loaded muscle was measured after 
it had reached a constant or nearly a constant length in an hour’s time. 


The muscles were then immersed in experimental solutions and the 
length noted after 24 hours. The muscles were found to be inexcitable and 
dead, so that the ultimate extension was that of the contractile mechanism 
without interference from the excitatory system. In some experiments the 
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length was measured at frequent intervals. These experiments were also 
repeated on heat-killed muscles. The muscles were heated at 50°C. for 
10 minutes prior to experimentation. 


RESULTS 


Unstriated muscle is affected by various reagents in two ways. Some 
reagents do not cause any or cause little active relaxation, but do not prevent 
relaxation when the muscle is loaded. Other reagents cause active relaxa- 
tion to a greater extent than passive relaxation. One of the former reagents 
is potassium chloride. Among the latter reagents are distilled water, urea, 
urethane, formamide. The effect of these various reagents, when the muscle 
is loaded or unloaded, has been studied. 


Effect of distilled water—Distilled water causes active relaxation of 
unstriated muscle. Loading of the muscle counteracts this effect, so that a 
loaded muscle lengthens less than the unloaded one (Table I). Active and 
passive relaxations of muscle are therefore antagonistic. 


TABLE I 


Frog’s Stomach Muscle. Effect of Distilled Water on Length of Loaded 
and Unloaded Muscle 


Length of unloaded Length of loaded muscle 

No. of muscle after 24 hours per cent. of initial length 
experi- immersion in distilled 
ments water; per cent. of After 1 hour After 24 hours; 
initial length in saline in distilled water 


210 
170 
160 
190 
194 
193 
163 
200 
223 
120 
185 
126 
135 
122 
Heat—killed muscles 


a 215 250 
200 172 
214 190 
220 212 
234 200 
263 163 
260 200 
200 248 
10 240 120 
11 216 200 
12 240 147 
13 200 160 
14 200 150 
See it 15 148 123 132 
a 16 190 132 148 
17 160 160 170 
18 150 123 125 
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Loaded muscle shows two kinds of contraction when immersed in dis- 
tilled water. Immediately, there is a twitch due to difference in concentra- 
tion of ions on two sides of the muscle membrane (Singh, 1939). This is 
due to the excitatory system. We are not concerned with this contraction. 
Immediately after the twitch or after a variable time ranging from a few 
minutes to 4 hours, the muscle shows a slow tonic contraction. This tonic 
contraction is due to the action of distilled water on the contractile mecha- 
nism. This is shown by the facts: (1) In some muscles it begins after 3 to 
4 hours immersion; (2) It is not affected by asphyxia; (3) It is shown 
by the heat-killed muscle. In heat-killed muscle, the contrast between the 
loaded and unloaded muscle is less marked, as heating to 50° C. causes some 
active relaxation, so that the active relaxation in other reagents is therefore 
reduced. If the initial length of the muscle before heating is taken into 
account for calculation of the final extension, then the contrast persists. 


This tonic contraction is due to reaction of the contractile proteins. 
Stretching in some way increases the tendency of the muscle proteins to con- 
tract and thus accounts for the increased response of the muscle with increase 
in initial length (Singh and Singh, 1955 a,b). This reaction to stretch is 
responsible for the diminished extension of loaded muscle when compared 
to the active relaxation of unloaded muscle (Fig. 1). It is possible that the 
excitatory system may also be involved in the reaction to stretch. 


Usually, as is well known, extension of muscle increases with load. 
The contrast between the behaviour of loaded and unloaded muscles can thus 
be increased by using a light load, as the unloaded muscle will lengthen to 
its fullest extent, whilst the extension of the loaded muscle will vary with 
the load. If the muscle is lightly loaded, then one notes an interesting pheno- 
menon, in which the unloaded muscle may lengthen 2 to 3 times more than 
the loaded one. Thus a very light load appears to counteract active relaxation. 


With increase in load, as the muscle extends more and more, the length- 
ening of loaded and unloaded muscles becomes equal. When this occurs, 
the force of active relaxation may then be considered equal to the force 
extending the loaded muscle. It is thus possible to measure the force of 
active relaxation. As the load is increased still further, the lengthening of 
loaded muscle exceeds that of the unloaded one. The lengthening of loaded 
muscle is, therefore, determined by two opposing forces. As with passive 
relaxation of loaded muscle, the rate of active relaxation of unloaded muscle 
is rapid at first, and then declines to a constant value (Fig. 1). 


An interesting point in Table III is, that in experiments 2, 6, 7, 8 and 10 
after the muscle has extended, distilled water has produced no further length- 
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Fic. 1. Frog’s stomach muscle. Effect of distilled water. The upper curve shows the reac- 
tion of loaded muscle and the lower, that of the unloaded muscle. 


ening. This shows that the loading of the muscle produces similar effects as 
those produced by distilled water. Such effects are also produced by other 
substances which produce active relaxation, such as urea, urethane, forma- 
mide. As these substances produce unfolding of the polypeptide chains, 
it shows that loading of the muscle also produces similar effects, which means 


that tone is reduced by stretching, as it is due to the folding of the polypep- 
tide chains. 


Effect of urea and allied substances.—The effect of isotonic solutions 
(0-224 M) of urea (Table II), urethane (Table III), and formamide resemble 
that of distilled water. In acetamide, the active relaxation of unloaded 
muscle was less than the passive relaxation of loaded muscle. 


Effect of potassium chloride.—The active relaxation of unloaded muscle 
in isotonic solution of potassium chloride (0-112 M) is little marked, so that 
it is much less than the passive relaxation of loaded muscle. The effect 
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TABLE II 


Frog’s Stomach Muscle. 


Effect of 0-224 M Urea on Length of Loaded 
and Unloaded Muscle 


Length of unloaded Length of loaded muscle ; 
No. of muscles after 24 hours per cent. of initial length 
experi- immersion in urea; 
ment per cent. of After 1 hour After 24 hours 


initial length in saline in urea 


1 240 167 201 
2 216 132 150 
3 220 130 160 
4 240 130 130 
5 220 110 170 
Heat—killed muscles 
6 155 140 150 
7 141 187 185 
8 150 120 120 
9 140 130 140 


TABLE III 


Frog’s Stomach Muscle. Effect of 0-224M Urethane on Length of 
Loaded and Unloaded Muscles 


Length of loaded Length of loaded muscle ; 


No. of muscles after 24 hours per cent. of initial length 
experi- immersion in urethane; 
ments per cent. of After 1 hour After 24 hours 


initial length in saline in urethane 


1 250 155 166 
2 212 133 152 
3 212 179 190 
+ 233 105 170 
Heat—killed muscles 
5 200 120 166 
6 200 114 160 
7 211 140 166 
8 108 


of various concentrations of potassium chloride on passive relaxation has 
been described previously (Singh and Singh, 1953, 1954 a). 
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Effect of sodium cyanide.—In isotonic solution of sodium cyanide 
(0-112 M), the active relaxation of 4 unloaded muscles in 24 hours was 120 
122, 100 and 134 per cent. respectively. Passive relaxation of corresponding 
loaded muscles was 115, 120, 89 and 80 per cent. respectively. Thus active 
relaxation is greater than passive relaxation. Sodium cyanide might be 
causing active relaxation by the dissolution of disulphide linkages. 


Effect of sodium sulphide—tIn 0-1 M solutions of sodium sulphide, the 
active relaxation of 4 unloaded muscles in 24 hours was 125, 105, 165 and 
125 per cent. respectively; passive relaxation of corresponding loaded mus- 
cles was 95, 100, 165 and 100 per cent. respectively. In another series of 
experiments, the active relaxation of 6 muscles in 0-1 M sodium sulphide 
was 112, 70, 100, 110, 115 and 100 per cent. respectively. 


Active relaxation in sodium sulphide suggests the dissolution of disul- 
phide linkages. This is also suggested by the action of sodium sulphite. 
In 0-1 M sodium sulphite, 6 muscles relaxed actively in 24 hours by 55, 30, 
35, 20, 25 and 50 per cent. respectively. In 6 experiments, no active relaxa- 
tion was found in 0-112 M sodium thioglycolate. But the action of sodium 
sulphide, sodium cyanide and sodium sulphite suggests that tonus in unstri- 
ated muscle is maintained by disulphide linkages in addition to salt linkages 
and hydrogen bonds. The dissolution of disulphide and hydrogen bonds 
produces active relaxation, and the dissolution of salt linkages, passive re- 
laxation. 


Effect of sodium hydroxide.—In isotonic solutions of sodium hydroxide 
(0-112 M), the active relaxation of 5 unloaded muscles in 24 hours was 115, 
70, 132, 110 and 120 per cent. respectively. Passive relaxation of corres- 
pondingly loaded muscles was 124, 53, 40, 100 and 100 per cent. respectively. 
Active relaxation is greater than passive relaxation though the difference is 
not marked. 


Effect of hydrochloric acid.—In isotonic solutions of hydrochloric acid 
(0-112 M), the active relaxation of 5 unloaded muscles in 3 hours was 90, 
100, 100, 85 and 90 per cent. respectively. Passive relaxation of corres- 
pondingly loaded muscles was 90, 73, 50, 60 and 14 per cent. respectively. 


In isotonic solutions of hydrochloric acid, sodium hydroxide, sodium 
sulphide and sodium cyanide, the muscle dies immediately, so that the effects 
produced are those of the contractile mechanism. In these solutions, the 
rate of active relaxation is greater than that of passive relaxation, so that the 
contrast between active and passive relaxation can be made greater, by short 
periods of immersion, such as 2 to 3 hours. This also applies to the action 
of other substances such as distilled water, urea, urethane, formamide. 
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DISCUSSION 


If unstriated muscle is stretched, then some change is produced that 
increases the tendency to contraction and diminishes that to relaxation, hence 
the antagonism between active and passive relaxation. This reaction to 
stretch diminishes the inhibitory action of substances and converts it into an 
excitatory one (Singh and Singh, 1950). Stretching or increase in initial 
length is thus one of the factors in drug reversal. 


It would appear that both the excitatory and the contractile systems 
are affected by stretch. The involvement of the excitatory system is shown 
by the fact that stretching may increase the tone which is susceptible to as- 
phyxia. This tone, therefore, has an optimum length for its maintenance. 
The involvement of the contractile system is shown by the fact that the effects 
of stretching occur in the dying or the heat-killed muscle. The response of 
the heat-killed muscle is augmented by increase in initial length (Singh and 
Singh, 1955 a, b). It has been suggested that unstriated muscle contains two 
systems for producing tension (Singh and Singh, 1950 5); it would appear 
that both these systems become more active if the initial length of the muscle is 
increased. 


If unstriated muscle is loaded, two effects are produced. The load 
causes stretching of the various structures of the muscle, just as it will stretch 
any other material. It will also cause unfolding of the polypeptide chains 
and thus reduce tone. Both kinds of tone will be reduced, one that requires, 
and the other which does not require energy for its maintenance, if the 
stretching overcomes the folding of the polypeptide chains. The reduction of 
the former tone is responsible for the diminished oxygen consumption on 
stretching as shown by Rao and Singh (1940), but if there is a reaction to 
counteract the effect of the load, then the oxygen consumption will increase. 


It is often said that contraction of muscle may be complicated by simul- 
taneous relaxation, and attempts have been made to study the contraction 
of muscle unaccompanied by relaxation. That such a possibility occurs 
is shown by the behaviour of heat-killed muscle (Singh and Singh, 1955 5). 
If this muscle is heated, then a certian tension is produced, but if active re- 
laxation is inactivated by heating to 70° C., then the tension produced is 
greater than previously, if the muscle is heated to the same temperature as 
before. The tension produced in the former case was therefore less, because 
the muscle was contracting and relaxing at the same time. 


The simultaneous contraction and relaxation of muscle implies that the 
mechano-chemical coupling for relaxation would occur at the same time 
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as that for contraction; it is like purchasing a return ticket. Contraction 
and relaxation would both be energised, as suggested by us in unstriated 
muscle, but no metabolic or thermal changes would be detectable during 
relaxation. The absence of heat production during relaxation, therefore, 
does not imply the absence of active relaxation. Even if contraction is not 
energised, some chemical changes, and therefore heat production, must 
occur prior to any mechanical change to start off the machine, even if the 
relaxation was active. Further relaxation may be energised during con- 
traction, but may remain latent till the contraction is over or nearly over. 
Under these conditions, no heat production would be detected during 
relaxation. 


Relaxation of unloaded heat-killed muscle implies that the usual known 
metabolic changes may not be required for active relaxation, as none can 
occur in a dead muscle. Active relaxation of unstriated muscle resembles 
the denaturation of proteins. Denaturation of proteins is an endothermic 
reaction and it is necessary to increase the energy content of proteins in the 
native state in order to cause denaturation (Haurowitz, 1950). The contrac- 
tile proteins may thus be activated to relax during the process of contraction. 
If active relaxation is an endothermic reaction, then any energy produced 
during relaxation may be balanced by absorption, so that no heat produc- 
tion would be detectable during relaxation. 


These experiments suggest, that if the muscle is loaded, even slightly, 
then active relaxation might not occur. This might account for the active 
relaxation of single muscle fibres, discovered by Ramsey and Street and the 
absence of heat production during relaxation as found by Hill, though we 
think that heat measurements are not conclusive. In our experiments the 
criteria for active relaxation of living muscle through the excitatory system 
are: (1) Relaxation of unloaded muscle; (2) Abolition of this relaxation 
by cyanide or asphyxia; (3) Restoration of the relaxation again in cyanide 
treated muscle by glucose; (4) Abolition of the effect of glucose by iodo- 
acetic acid. 


The antagonism between active and passive relaxation is akin to reci- 
procal innervation. If the muscle is loaded then active relaxation is inhibited. 
it is possible, however, that as in unstriated muscle, sriated muscle also con- 
tains two mechanisms, one for tonus and the other for twitch. In the former 
mechanism, relaxation might be active, and passive in the latter. A sepa- 
rate mechanism for tone in striated muscle is suggested by dual nerve supply 
to skeletal muscle fibres (Kuffler, 1949). 
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SUMMARY AND CONCLUSIONS 


1. The effect of various substances on active and passive relaxation 
of frog’s stomach muscle has been studied. Active relaxation was studied 
on unloaded and passive relaxation on loaded muscle. The load used was 
such as to cause moderate extension. These experiments were performed 
on dying and heat-killed muscles, so that the reactions noted were those of 
the contractile mechanism. 


2. In distilled water and isotonic solutions of urea, urethane and for- 
mamide, active relaxation is greater than passive relaxation. 


3. The same occurs in sodium cyanide, sodium sulphide, sodium 
hydroxide and hydrochloric acid, though the difference is less marked. 


4. In potassium chloride and acetamide, passive relaxation is greater 
than active. 


5. The muscle relaxes actively in isotonic solutions of sodium sulphite, 
sodium sulphide and sodium cyanide. This suggests the dissolution of 
disulphide linkages. It is therefore suggested that tonus in unstriated muscle 
is maintained by disulphide linkages, salt linkages and hydrogen bonds. 


6. An attempt has been made to explain the controversial observations 
on active relaxation of muscle. One set of observers have found relaxation 
to be active as suggested by relaxation of unloaded muscle. The other set 
of observers consider relaxation to be passive, as no heat production occurs 
during relaxation. It has been suggested, that these differences in experi- 
mental findings are possibly due to antagonism between active and passive | 
relaxation as the former observers used unloaded muscle, and the latter, 
loaded muscle. Loading the muscle appears to antagonise active relaxa- 
tion. Further active relaxation may be energised during the process of 
contraction. In this case also no heat will be produced during relaxation. 
Lastly: active relaxation appears to be an endothermic reaction, so that any 
energy produced may be absorbed without leaving a positive or negative 
balance. 
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THE PERIANTH OF SARACA INDICA 


By V. S. Rao AND K. SIRDESHMUKH 
(Department of Botany, Ramnarain Ruia College, Matunga, Bambay 19, India) 
Received October 3, 1955 


(Communicated by Prof. G. P. Majumdar, F.A.sc.) 


IN a previous paper (1954) the authors gave an interpretation of the flower 
of Saraca indica based on a detailed study of the normal flower of this species 
with four perianth segments. It was shown how one of these four segments 
is a double structure derived through the marginal fusion of two adjacent 
members of a theoretical five-membered perianth. There are 9 perianth 
traces, of which 5 (marked as M 1, M 2, M 3, M 4and M S in Fig. 1)* are of 
the nature of midrib bundles, while the other 4 (marked as C 1, C2, C 3 and 
C 4 in Fig. 1) are commissural bundles. The fifth commissural bundle ex- 
pected between the midrib traces M4 and M 5 is not found, and the latter 
two divide and run into the same perianth segment which is interpreted as 


a double structure representing the fusion product of two sepals (Figs. 2 
and 3). 


A. few abnormal flowers with five perianth segments have since been 
collected and their vascular anatomy gives conclusive evidence for the view 
expressed on the basis of the anatomy of the normal flower. Of the 3 ab- 
normal flowers described herein, one has 7 stamens, another 8, and the third, 
10 stamens. Only the vascular supply to the perianth is described in this 
paper because that of the andreecium is seen to have absolutely no bearing 
on the interpretation of the perianth. 


Abnormal specimen 1 


In this specimen one of the 5 perianth segments present in a postero- 
lateral position has a slender cylindrical base which quickly widens out into 
a tubular structure. The other 4 members have broad bases as usual, and 
the estivation is imbricate. As in the normal flowers, the perianth here also is 
supplied by 9 traces all of which divide soon. In position of bundle M 4 
of the normal flower is seen here the slender cylindrical base of the fifth 
perianth segment (marked P in Figs. 5 and 6) not yet detached from the floral 
tube. Bundle M 4 divides at a lower level (Fig. 4) and one of its branches 
supplies this peculiar fifth perianth segment while its other branches supply 


* Figs. 1, 2 and 3 given herein for the normal flower correspond to Figs. 5, 7 and 8 respec- 
tively of the authors’ previous paper (1954) on Saraca indica. 
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Fics. 1-3. Transverse sections at different levels of a normal flower of Saraca indica with 
4 perianth segments. 


the adjoining one (Figs. 4-6). In normal flowers, bundles M 4 and M 5 supply 
the same lateral sepal while in this abnormal specimen a branch of M 4 runs 
into the fifth segment while its other branches, along with those of M 5, 
supply the adjoining sepal. The fact that all branches of M 4 do not run 
into this small interpolated perianth segment is not unexpected, taking into 
account the following points. 
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Fics. 4-7. Transverse sections of abnormal specimen 1, having 5 perianth segments. The 
extra segment is labelled as “‘P” in this, as well as in the following figures. 


(1) The base of this segment is small and cylindrical. (2) This new seg- 
ment is of the nature of a reversion to the ancestral condition. In such 
a case, the original condition of bundle M 4 supplying only one segment 
cannot be expected to be repeated exactly. 


The bundle received by this extra segment branches in its upward course 
and gives rise to a ring of small traces. Higher up, this structure becomes 
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Fics. 8-9. Transverse sections of abnormal specimen 2, having 5 perianth segments. 
Fics. 10-11. Transverse sections of abnormal specimen 3 with 5 perianth segments. 


funnel-like with a central hollow, and the ring of bundles runs to the tip in 
its wall (Fig. 7). 
Abnormal specimen 2 

In this specimen also, 9 perianth traces are given out exactly as in the 
normal flowers, and are labelled as previously (Fig. 8). All these divide 


2 or 3 times. Bundles M4 and M5 are seen to supply different perianth 
members while in the normal flower they run into a single lateral segment 
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(Fig. 9). This clearly shows that the 4-membered perianth is actually derived 
from a 5-membered structure through fusion of 2 segments. The perianth 
segments here have a valvate estivation with outwardly reflexed margin, 
while in normal flower the zstivation is imbricate. 


Abnormal specimen 3 


In this specimen, also with 5 perianth members, there are only 8 traces 
instead of the usual 9 (Fig. 10). A comparison of Fig. 10, with the normal 
condition shown in Fig. 1 clearly shows that the commissural bundle C 3 
of a postero-lateral position is not developed. The margins of the sepals 
in this part are supplied by branches of the midrib bundles M 2 and M 3. 
Here also bundles M4 and M5 supply two separate members (Fig. 11). 
The extra segment supplied by M 4 has always a narrower base than others. 


A comparison of the vascular anatomy of the abnormal flowers with 
five perianth segments with that of the normal flower with only 4 segments 
is thus clearly indicating the latter to be derived from the former, not with 
a complete suppression of a member, but with a congenital concrescence of 
two adjoining segments of the same whorl by their margins. In the usual 
4-membered perianth of S. indica the midrib bundles marked M 4 and M 5 
both run into one of the lateral segments while in the abnormal specimens 
studied, these same bundles supply two different adjoining segments. It 
is interesting to note that in all the abnormal flowers studied, it is the same 
bundle, namely M 4 which is supplying the extra (fifth) perianth segment. 


SUMMARY 


1. The vascular anatomy of three abnormal flowers of Saraca indica 
with 5 perianth segments has been studied and compared with that of the 
normal ones with a 4-membered perianth. 


2. The contention of the authors already published, that one of the 
4 perianth segments of the normal flower is a double one is supported by the 
vascular anatomy of these teratological specimens. 


3. The 2 “ midrib bundles” received by the double segment of normal 
flowers supply adjacent separate members in the abnormal flowers. 
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A BLOOD ANTICOAGULANT FACTOR FROM THE 
LATEX OF CARICA PAPAYA 


Part I. Purification and General Properties 


By N. C. Pitiar, C. S. VAIDYANATHAN AND K. V. Giri 
(Department of Biochemistry, Indian Institute of Science, Bangalore, India) 


Received November 7, 1955 


IN recent years blood anticoagulants have assumed great importance in the 
prevention and treatment of intravascular thrombosis and embolism, in vas- 
cular surgery and in peripheral vascular disease. Well known among the 
anticoagulants are heparin, dicumarol and a number of complex polysaccha- 
rides and certain azo dyes. Of these only heparin and dicumarol are used 
in routine therapy because of their comparative non-toxicity. The action of 
dicumarol is slow and is preceded by. a lag period and in addition, is difficult 
to control. In the present-day anticoagulant therapy, intravenous adminis- 
tration of heparin constitutes the method of choice especially because of the 
complete absence of any untoward effects on the system. The chief draw- 
back of heparin which prevents its extensive use is its prohibitive cost. The 
urgent need for a cheap substitute for heparin is therefore obvious. 


The occurrence of a blood anticoagulant factor in the latex of Carica 
papaya was briefly reported in an earlier publication from this laboratory 
(Ramakrishnan et al., 1952). The detection for the first time of a blood 
anticoagulant in papaya latex is of special significance in that it may eventu- 
ally lead to the isolation of the active factor in a sufficiently pure form for 
treatment of diseases characterised by the formation of intravascular clots. 
In the present paper a method is given for the purification of the antico- 
agulant from the latex of Carica papaya. In addition, certain observations 
are reported on the general properties of the purified preparation. 


EXPERIMENTAL 


Blood coagulation experiments were carried out according to the method 
of Rahman and Giri (1945), using fresh citrated plasma (unless otherwise 
stated) and Russell’s viper venom. The venom was obtained in the form 
of lyophilized powder from the Haffkine Institute, Bombay. 10mg. of 
the powder was dissolved in 100c.c. of 0-025 M calcium chloride solution. 
The reaction mixture, unless otherwise stated, consisted of 0-2.¢.c. venom 
solution, 0-2 c.c. anticoagulant and 0-2 c.c. plasma. 
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Fresh latex obtained from plants grown in the Institute Nursery was 
used as the starting material for the preparation of the anticoagulant. 


Preparation of the anticoagulant 


A 2% solution of the acetone-dried latex powder was made in distilled 
water and centrifuged. To the clear supernatant were added three volumes 
of cold acetone and the precipitate centrifuged. Papain has been reported 
to coagulate plasma (Ferguson and Ralph, 1943), and hence it was thought 
desirable to get the anticoagulant without any contamination by papain. 
Hence the acetone precipitate obtained was repeatedly washed with cold 
70% (v/v) alcohol to remove the bulk of papain present. The residue was 
finally washed twice with cold acetone and dried in a desiccator over fused 


calcium chloride. This acetone-dried powder was used as starting material 
for further purification. 


Attempts to purify the anticoagulant factor by use of the adsorbents 
celite, hyflo supercel, tricalcium phosphate, magnesium hydroxide, kaolin, 
alumina and alumina C; did not yield a product of satisfactory purity. 


Fractional precipitation with organic solvents 


As the adsorption techniques were not very promising, fractionation 
by organic solvents were tried. The results are presented in Table I. Preci- 


TABLE I 
Fractional precipitation with organic solvents 


agent . oncentrati ote Anticoagulant activity of the precipitate 
Control Clotting at 18 sec. 
Methanol Clotting at 20 sec. 
Precipitate resembling clot. 
Active anticoagulant; precipitate formation. 
Dioxane Thick precipitate resembling clot. 
No clotting; precipitate formation. 
Clotting at 20 sec. 
Ethanol Clotting at 22 sec. 


No clotting; precipitate formation. 
Active anticoagulant; slight precipitate formation. 
Formation of precipitate resembling clot. 


Heavy precipitate resembling clot. 
No clotting; light precipitate formation. — 
Active anticoagulant. 


50 
60 
75 
40 
50 
75 
30 
40 Clotting at 21 sec. 
45 
50 
60 
40 
45 
50 
60 This fraction accelerates clotting. 
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pitates obtained at the various fractions were dried in a desiccator over cal- 
cium chloride after washing with acetone. The dry powder was dissolved 
in the same volume of distilled water as the original extracts and their anti- 
coagulant activity tested with sheep plasma and Russell’s viper venom. 


Exactly similar results were obtained with cow and buffalo plasma. Of 
the various fractionation procedures tried, acetone fractionation was found 
to be the best as judged by the anticoagulant activity of the active fractions 
and also by the fact that preciptate formation in the reaction mixture was 
minimum with acetone fractions. It can be seen from Table II that the preci- 
pitate obtained above 50% up to 60% final concentration of acetone accele- 
rates the clotting of plasma in presence of Russell’s viper venom. This 
pointed to the possibility that this fraction might be a blood coagulant capable 


of clotting plasma in the absence of venom thromboplastin. This was indeed 
found to be the case. 


Attempts at further purification of the anticoagulant obtained by acetone 
fractionation were not particularly successful. Careful re-fractionation 
with acetone, however, showed that a very active preparation could be ob- 
tained between 42% and 48% final concentration of acetone. For the sake 
of convenience, this fraction is designated as Ac 48, and some of its general 


properties are given below. 
Properties of Ac 48 


The anticoagulant activity of the dry powder was well preserved on 
storage. The dried material dissolves readily in water to yield clear colourless 
solutions. The factor was found to be active in preventing the coagulation 
of plasma in presence of active thromboplastin and calcium (Russell’s viper 
venom solution) at a final concentration of 0-25% (w/v). The use of a higher 
‘concentration (i.e., 0-5% w/v) resulted in the total absence of precipitate 
formation in the reaction mixture. The clotting of whole blood (human) 


was completely prevented by the addition of Ac 48 at a final concentration 
of 0-05%. 


It has been reported by Grob (1943) that serum antitrypsin and pancrea- 
tic trypsin inhibitor strongly inhibit the coagulation of plasma in vitro. 
Horwitt (1940) has observed that many basic dyes which are potent anti- 
coagulants are also antiproteolytic. 


It was, therefore, thought to be of interest to see whether the anticoagu- 
lant factor Ac 48 exerts any inhibiting action on trypsin. 
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The reaction mixture consisted of: 
10c.c. of phosphate buffer (pH 8-4) 
10c.c. of 2% gelatin solution 
5c.c. of trypsin solution 

Se.c. of Ac 48 (2% solution) 


30 c.c. 


Total volume 


A control experiment was also carried out with 5 c.c. of distilled water 
instead of the anticoagulant solution. The reaction mixture was kept in an 
incubator at 37°C. At various intervals of time 5 c.c. aliquots of the enzyme 
digest was taken out and the proteolytic activity determined by Sérensen’s 
formol titration method as modified by Northrop (1926). 


TABLE II 
Action of Ac 48 on trypsin 


Time of 
incubation 


in hours Trypsin Ac 48 Trypsin+ Ac 48 


No. of c.c. of 0-04 N NaOH 


3 
12 
24 


0-34 
1-53 
1-83 


0-45 
1-30 
1-61 


0-64 
1-35 
2-00 


It can be seen from the results presented in Table II, that Ac 48 fraction 
contains an antitryptic factor. All the same, the Ac 48 itself was found to 
exert some proteolytic activity at pH 8-4, which could not be removed by 
repeated washings with cold 70% alcohol. The proteolytic activity of the 
various acetone fractions at pH 5-0 was then determined by the formol 
titration method. 


From the date given in Table III, it is clear that there is no correlation 
between blood coagulant or anticoagulant activities and the proteolytic 
activity. 

Experiments were therefore performed to find out the relative heat 
stability of the anticoagulant factor and the proteolytic component in Ac 48. 
It was found that the anticoagulant factor was resistant to thermal inactiva- 
tion when heated at 70° C. for 30 min. 5 c.c. of a 2% solution of Ac 48 was 
heated at 85° C. for 30 min. After cooling, the anticoagulant and the pro- 
teolytic activities of the solution were determined. The data given in Table IV 
(a) and (b) show that while the anticoagulant activity is completely destroyed 
B6 
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TABLE III 
Proteolytic activity of the various acetone fractions 


Proteolytic activity of the precipitates 
obtained at the specified final concentrations of 
Final acetone at various intervals of time 
concentration (in c.c. of 0-04 N NaOH) 


of acetone 
, 4 3 hours 12 hours 24 hours 


42 1-16 1°55 1-70 
48 0:97 1-28 1-82 
60 1-13 1-38 1-83 


TABLE IV (a) 


Effect of heating at 85° C. for 30 min. on the anticoagulant activity 
of Ac 48 


; Clotting time Clotting time 
Reaction mixture with oxalated with citrated 
plasma plasma 


(0:2 c.c. venom + 0-2 c.c. distilled 
water) incubated at 38°C. for 
2 min.+- 0-2 c.c. plasma 20 sec. 


(0:2c.c. venom+0:2c.c. of 
heated Ac 48) incubated at 
38° C. for 2 min. + 0-2 c.c. 
plasma a 23 sec. 


TABLE IV 


The effect of heating at 85° C. for 30 min. on the proteolytic activity 
of Ac 48 


Proteolytic activity in c.c. 

Time of of 0:04 N NaOH 
incubation 
in hours Ac 48 unheated Ac 48 heated 


3 0-97 0°52 
12 1-28 0-67 
24 1-82 0-67 


25 sec. 
28 sec. 
; 
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by heating at 85° C. for 30 min., some proteolytic activity still persists after 
this heat treatment. 


Inactivation and Reactivation experiments 


It is well known that papain, the proteolytic enzyme present in papaya 
latex, is inactivated by dilute hydrogen peroxide and iodacetate, while hydrogen 
sulphide and hydrogen cyanide exert an activating action. The effect of 
these compounds on the anticoagulant activity of Ac 48 was tested with a 
view to find out the difference, if any, between the anticoagulant and proteo- 
lytic activities of Ac 48 as regards their susceptibility. It was found that 
the anticoagulant activity is destroyed by iodacetate and hydrogen peroxide. 
H,O,-inactivated Ac 48 could be regenerated only partially by passing H,S. 
Suitable controls were also run to ascertain that the blood coagulation is 
in no way affected in presence of iodacetate, HJO., HCN or H,S alone. The 
results are presented in Table V. 


The following solutions were prepared: 


1. 0O-5c.c. water + 0-2 c.c. iodacetate (0-125% solution, neutralised 
with NaOH). 
O-5c.c. Ac 48 (2%)+0-2 c.c. iodacetate. 


0-5 c.c. 
0-5 c.c. 
0-5 c.c. 
0-5 c.c. 
0-5 c.c. 
0-5 c.c. 


water + 0-2 c.c. 3% solution of NaCN (neutralised). 
Ac 48 + 0-2 c.c. NaCN. 

water + 0-1 c.c. saturated H,S solution. 

Ac 48+ 0-1 c.c. saturated H,S solution. 

water + 0-2 c.c. H,O, (N/100). 

Ac 48+0-2 cc. H,O,. 


TABLE V 


of Ac 48 


The solutions were incubated for 1 hour at room temperature. 


Effect of oxidising and reducing agents on the anticoagulant activity 


Reaction mixture 


Clotting time 


0-2 c.c. plasma + 0-2 c.c. venom 

+ 0-2 c.c. water 

0-2 c.c. plasma + 0-2 c.c. venom 
+ 0-2 c.c. of solution | 

0-2 c.c. plasma + 0-2 c.c. venom 
+ 0:2 c.c. of solution 2 


0-2 c.c. plasma + 0-2 c.c. venom 
+ 0:2 c.c. solution 3 


21 sec. 


24 sec. 

No clotting, increase in 
viscocity and precipi- 
tate formation. 

41 sec. 


. 
— 
. 
ity 


N. C. PILLAI AND OTHERS 


TABLE _V—(Contd.) 


Reaction mixture Clotting time 


0:2 c.c. plasma + 0-2 c.c. venom No clotting 
+ 0:2 c.c. of solution 4 

0-2 c.c. plasma + 0-2 c.c. venom 22 sec. 
+ 0:2 c.c. of solution 5 

0-2 c.c. plasma + 0-2 c.c. venom No clotting, formation of 
+ 0-2 c.c. of solution 6 turbidity 

0-2 c.c. plasma + 0-2 c.c. venom 18 sec. 
+ 0:2 c.c. of solution 7 

0-2 c.c. plasma + 0-2 ¢c.c. venom 40 sec. 
+ 0:2 c.c. of solution 8 

0-2 c.c. plasma + 0-2 c.c. venom No clotting, but increase 
+ 0-2 c.c. of solution 2 in viscosity 
through which H.S was passed 

0-2 c.c. plasma + 0-2 c.c. venom No clotting; but thick 
+ 0-2 c.c. of solution 8 precipitate forma- 
saturated with H,S tion after 25 sec. 


indicating partial 
regeneration of 
activity. 


DISCUSSION 


In the present investigation, conclusive evidence has been obtained for 
the presence of two factors in the latex of Carica papaya, one inhibiting and 
the other accelerating the process of blood coagulation. 


Purification of the anticoagulant could not be effected by the usual ad- 
sorption procedures. Although the active factor could be adsorbed on 
Alumina C; and Kaolin, the adsorption was only partial and difficulty was 
experienced in eluting the anticoagulant from the adsorbent. 


One of the disturbing effects of the anticoagulant was the formation of 
a very light precipitate in the presence of plasma and Russell’s viper venom. 
Attempts to remove any impurities which might be responsible for precipi- 
tate formation, by the use of adsorbents, were not very fruitful. 


Fractional precipitation with organic solvents proved to be an effective 
method for purification of the anticoagulant factor. Fractional precipita- 
tion with cold acetone yielded the most active material and was far superior 
to salting out with ammonium sulphate described in a previous note ((Rama- 
krishnan et al., 1952). By acetone fractionation it was possible to separate 
the blood coagulant and anticoagulant factors. While the anticoagulant 
factor was precipitated at a final acetone concentration of 50%, the precipi- 
tate obtained between 50% and 60% final concentration of acetone was very 
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active in clotting blood plasma in the absence of venom thromboplastin. 
This finding may explain the observations of earlier workers (Eagle and 
Harris, 1937; Dyckerhoff and Gigante, 1940; Ferguson and Ralph, 1943) 
on the blood coagulating property of papain preparations. 

It is generally believed that the process of blood coagulation is essentially 
a proteolytic reaction. A natural corollary of this would be to conceive 
blood anticoagulants as inhibitors of proteolytic activity. It was found 
that the Ac 48 fraction exerts an antitryptic activity although it still contained 
a residual proteolytic factor (Table If). Experiments designed to establish 
a correlation between anticoagulant and proteolytic activities were, however, 
inconclusive (Table III). As judged by experiments with plasma, it was ob- 
served that iodacetate which is known to inactivate papain could only parti- 
ally inactivate the anticoagulant property of Ac 48. There was no strict 
parallelism between the heat stability of the anticoagulant activity and the 
proteolytic activity present in Ac 48 [Table IV (a) and (5)]. When a solution 
of Ac 48 was heated at 85° C. for 30 min., there was still some residual pro- 
teolytic activity even though the anticoagulant property was completely des- 
troyed. 


On the other hand, indication of the identity of the anticoagulant factor 
with papain was obtained from experiments with H,O,. It was found that 
the anticoagulant property of Ac 48 was destroyed by treatment with dilute 
H,O,, but could be partially regenerated by subsequent saturation of the 
solution with hydrogen sulphide (Table V). 


As was stated earlier, when a mixture of Ac 48, Russell’s viper venom 
and oxalated sheep plasma were kept at room temperature for more than 
24 hours a very fine precipitate was found to settle down at the bottom of the 
coagulation tube. When citrated plasma was used, the formation of preci- 
pitate was considerably reduced. This difference can possibly be explained 
by the fact that Ac 48 does form a fine granular precipitate with dilute solu- 
tions of oxalate. 

SUMMARY 


A factor capable of effectively inhibiting the process of coagulation of 
plasma as well as whole blood has been isolated from the latex of Carica 
papaya. Attempts were made at purification of the factor by adsorption 
and fractional precipitation with organic solvents. A comparatively pure 
product was obtained by cold acetone fractionation at a final concentration 
of 42 to 48%. It was found that there was no correlation between the residual 
proteolytic activity and the anticoagulant property of the factor. Some 
of the general properties of the anticoagulant factor have also been studied. 
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AEROBIC MESOPHILIC SPOREFORMING 
BACTERIA IN INDIAN ENVIRONMENTS 


By J. V. BHAT* AND V. Iyvert 
(St. Xavier’s College, Bombay) 


Received October 27, 1955 
(Communicated by P. Maheshwari, F.A.sc.) 


THE occurrence and probable significance of sporeforming bacilli in soils 
has been the subject of investigation of one of the earliest of systematic bac- 
teriologists (Conn, 1916). Since then, several investigators have isolated 
and studied this group of micro-organisms from diverse environments, so 
much so that they have been characterised probably more thoroughly than 
any other group of soil micro-organisms. Nevertheless, their exact bearing, 
if any, on soil problems of a practical nature still remains to be elucidated. 
It must be further admitted that a lacuna does exist in our knowledge of spore- 
forming bacilli, or for that matter any group of micro-organisms occurring 
in Indian environments. Though soils constitute the primary habitat of 
sporeforming bacilli, it is to be expected that by virtue of their spores, they 


will be distributed widely and well represented in such other natural environ- 
ments as air and sea. 


Members of the group are well known to have vast biochemical poten- 
tialities and have been commercially exploited particularly for the production 
of bacterial amylases, proteinases, 2, 3-butanediol and several important 
bacterial antibiotics. With the advent of canning and other methods of 
food processing and sterilisation, sporeformers have assumed added impor-. 
tance. The destructive activity of the group is also known to extend to other 
materials such as processed drugs, sugar, pulp and paper, fish-nets and cord- 
age. 


In this paper is first presented a brief resumé of the scattered available 
data on the occurrence of sporeforming bacilli encountered by earlier and 
contemporary investigators in India (TableI). In an attempt to secure a 
representative authentic collection of sporeforming bacilli associated with 
Indian environments, several diverse habitats were examined for the frequency 
of occurrence of bacilli, which were subsequently identified. The character- 
isation of each species, their general growth requirements and a taxonomic 
* Present Address: Indian Institute of Science, Bangalore 3. 
t Present Add.ess: S.B. Garda College, Navsari. 
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picture of the germs has been presented in an earlier communication (Iyer 
and Bhat, 1955). 
SOILS AND AIR 


The conspicuous congestions of living matter associated with soils were 
expected to yield a highly representative flora and air has been known for its 
role in the spread of bacilli as contaminants. Accordingly, several samples 
of surface and subsurface soils collected over widely separated regions of 
the country were examined (see Fig. 1). Isolates were generally obtained 
by routine plating and culturing techniques on nutrient agar after an initial 
* pasteurization’ of soil suspensions to eliminate non-sporeformers. These 
analyses were augmented by a study of the species occurring as aerial con- 
taminants and this involved the exposure of culture media (nutrient agar) 
over widely separated regions in the country (see Fig. 1). Differential plate 
counts on the average of six plates per soil sample or aerial exposure, enabled 
us to recognize the relative dominance or frequency of occurrence of each 
species group of Bacillus. The accumulated evidence based on these analyses 
and exposures indicate that no one species may be regarded as characteris- 
tically dominant in a locality. Nevertheless, these extensive data enable us 
to conclusively state that in general the following may be regarded as con- 
stituting the dominant species, in the order in which they follow (related 
species have been grouped together). 


1. B. subtilis, B. licheniformis, and B. pumilus. 
B. cereus and B. cereus var. mycoides. 
B. megaterium. 
B. firmus and B. lentus. 
* B. circulans’ group (better represented in soil than air). 
6. ‘ B. sphericus’ group. 
Other species of mesophilic bacilli were no doubt also encountered, but not 
consistently enough to be listed among the dominant species. 


wn 


SEA 


The isolation of sporeforming bacilli from the sea was undertaken with 
a view to establishing the species most frequently encountered in such en- 
vironments and therefore most likely to be involved in the perishability of 
marine products. 


The samples of sea-water utilized in these studies were obtained with the 
co-operation of the Taraporewala Aquarium, Bombay, and were assured to be 
free from terrigenous contamination, having been collected at least five miles 
off shore, in clean sterile bottles. A 3% salt broth and salt agar were used 
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Fig.f -MAP INDICATING LOCATIONS OF SOIL SAMPLING 
AND EXPOSURE TO AIR. 
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for isolation work to simulate a marine environment and the species con- 
sistently isolated in order of dominance, were B. megaterium, B. subtilis, 
B. firmus and B. cereus. This compares favourably with the species encoun- 
tered consistently by Bhat and Albuquerque (1953) from the ‘ Bombay Duck’ 
and Freitas and Bhat (1954) from deteriorating fish-nets and cordage. 
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Hay 


The practice of referring to the species B. subtilis or in some cases a group 
of related species as the ‘ Hay Bacillus’ is associated with several miscon- 
ceptions, suggesting as it does the exclusive association of a single species or 
group of related species with hay. The results of an analysis of several 
samples of hay collected from different regions in our country conclusively 
indicated that no one species or group of species is particularly associated 
with hay. Details of the experimental procedures and results of this investi- 
gation have been presented elsewhere (Iyer and Bhat, 1952) and indicate a 
close correlation between the species of sporeforming bacilli associated with 
hay samples and those frequently encountered in air and soils. The species 
associated frequently and in large numbers were the ‘ B. subtilis’ group, 
B. cereus, B. cereus var. mycoides, B. megaterium and the‘ B. firmus’ group, 
all of which constitute dominant species in soils and air. 


DETERIORATED FOODS AND THERAPEUTICS 


A number of processed foods* and protein-richt therapeutics under- 
going spoilage when examined by routine culture methods during the course 
of this investigation, yielded isolates of sporeforming bacilli and among the 
species consistently isolated may be listed B. cereus, B. megaterium, B. sub- 
tilis and B. firmus. 

HuMAN INTESTINE 


Representatives of the genus Bacillus have long been known to be associa- 
ted with the human intestine and previous studies in our own laboratory 
(Lobo, 1950; Nayak, 1952) have resulted in their isolation. Thirty-four 
fresh fecal samples from healthy male and female individuals of varying 
age groups and diverse food habits were examined. Both nutrient broth and 
nutrient agar were used inasmuch as very often no colonies developed on 
nutrient agar on direct inoculation of the ‘ pasteurised’ fecal suspension, 
thereby indicating that this group constitutes only a small fraction of the 
total intestinal flora. The ‘ subtilis’ group appeared to be predominant 
in the human intestine followed by B. cereus and the ‘sphaericus’ group, though 
practically all species may be represented. However, the ‘sphaericus’ group 
deserves special mention since its occurrence in the human intestine is far 
more frequent than its occurrence in other natural environments would indi- 
cate. Batchelor (1919) has drawn similar attention to the relative frequency 
of a terminal round-spored organism described as B. pseudotetanicus in the 
dejecta of children. 


* Secured through the co-operation of Pure Products and Madhu Canning Works, Bombay. 
+ Secured through the co-operation of CIPLA Laboratories, Bombay. 
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Summing up, the groups ‘ subtilis - licheniformis - pumilus’, ‘ cereus’ 
“megaterium’, ‘ firmus -lentus’, ‘ circulans’ and ‘ sphericus’ may be re- 
garded as constituting the species with a relatively high frequency of occur- 
rence as contaminants in nature. The low frequency of occurrence of the 
remaining species of the genus does by no means reflect upon their relative 
unimportance or otherwise in nature, but this presents problems in the iso- 
lation of an adequate number of strains for study—a problem which might 
well be solved by the exploitation of the pre-determined conditions of ‘ en- 
richment culture’ methods. 
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USE OF TANK-SILT AS A MANURE IN MADHYA 
PRADESH 


Effect of Tank-Silt on the Water Stable Aggregation of Soil 


By R. H. JosHi AND C. M. Dgeoras 
(Agricultural Research Institute, Nagpur) 


Received October 13, 1955 
(Communicated by Dr. R. J. Kalamkar, F.A.sc.) 


It has been reported in a previous communication (Joshi and Deshpande, 
1953) that tank-silt is not always richer in nutritive constituents nor do its 
mechanical composition or the physical constants, such as moisture-holding 
capacity, pore space, volume expansion, etc., differ appreciably from the 
soil. Investigations were, therefore, carried out to see if the beneficial 
effect of silt was due to the improvement of structure of the soil. The results 
obtained by field trials and allied laboratory observations are recorded in 
this. article. 
EXPERIMENTAL 


Experiments were laid out on cultivators’ fields, in the rice-growing area 
of the State where tanks are numerous. For each experiment three 
‘ Bandhis’, having the same type of soil, were selected or prepared. Silt 
was added at the rate of 20 cartloads (1 c.l. = 8001b. roughly) to one and 
at 40 cartloads to another. The third ‘ Bandhi’ served as a control. Before 
the incorporation of silt, surface samples of soil were taken from each of the 
‘ Bandhis ’ and were analysed, together with the silt sample used, for their 
water stable aggregates (from clay and silt). The water stable aggregates 
were determined by a slight modification of Bouyoucos method as used by 
Deshpande, Ballal and Kalamkar (1955) to suit the soils of the State. 
Table I gives the figures of analysis. 


Table I clearly shows the presence of a much higher percentage of 
total water stable aggregates as well as aggregates of larger dimensions 
in tank-silts than in soils. It, therefore, appears plausible that tank-silts 
have got a natural tendency to form aggregates, specially of larger dimensions. 
When incorporated in the soil, this property is likely to increase the per- 
centage of total aggregates in the soil. 


Samples ‘of soil, from each of the plots from fields under experiment, 
were therefore taken after the harvest of the crop and analysed for their water 
stable aggregates. Table II gives the figures of analysis :— 
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The first three soils are of a light sandy nature and do not show any in- 
crease in the water stable aggregates due to the addition of tank-silt while 
clay loams or clays show a very distinct increase in this constituent. 


It is thus apparent from the above observations that silt generally im- 
proves the state of aggregation of soil except on light sandy soils. This 
would indirectly improve the biological activity of the soil. Sen (1954) 
has found that the effect of tank-silt on soils of a sandy and alkaline nature is 
to increase the rates of nitrification and nitrogen fixation. In the present 
investigations the rates of nitrification and nitrogen fixation were studied on 
soils No. 7 (clay loam) and No. 9 (clay) only. The results showed that while 
the rate of nitrification was found to be appreciably increased, there was no 
nitrogen fixation. 


The original samples of soil and silt were also analysed for organic 
matter, nitrogen (computed) and available phosphoric acid by the quick tests 
and the results are given in Table III. 


TABLE III 


Approximate percentages of organic matter, nitrogen (computed) 
and the available phosphoric acid in the soil and silt samples 


under investigation 


Sl. Organic Total Available 

No. Description of sample—Place Sample matter nitrogen P,O; 
% % % 

1 Sandy soil—Balaghat .. Soil 1-0 0-058 14 
Silt 1-7 0-094 18 

2 Light sandy soil—Drug 1-5 0-083 18 
Silt 3-0 0-160 12 

3 Sandy loam—Bhalookona, Kurud Soil 0-7 0-040 60 
Block oan 2-0 0-110 75 

4 Loam—Charmudia, Kurud Block Soil 1-2 0-070 25 
Silt 1-8 0-100 75 

5 Sandy clay loam—Sindewahi .. Soil 1-0 0-056 38 
Silt 2-0 0-110 75 

6 Sandy clay loam—Bramhapuri .. Soil 1-2 0-067 15 
Silt 5-0 0-270 38 

7 Clay loam—Waraseoni .. Sell 1-5 0-083 25 
Silt 2°5 0-140 18 

8 Clay soil—Bramhapuri — 1-8 0-130 50 
Silt 5-0 0-270 38 

9 Clay soil—Balod oe 1-2 0-067 25 
Silt 2-0 0-110 25 
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The yield data of the plots under various treatments in case of the above 
soils are given in the Table IV. 


TABLE IV 
Yield data of the tank-silt manuring experiments on the soils under 
investigation 
Yield of paddy in Ib. per acre 
Sl. Description of sample—Place 
No. 20C.L.of 40C.L. of 
Control silt silt 
per acre per acre 
1 Sandy soil—Balaghat od 1000 1160 1180 
2 Light sandy soil—Drug _ 574 1164 1728 
3 Sandy loam—Bhalookona, Kurud 
Block us 1460 1408 1932 
'4 Loam—Charmudia, Kurud Block .. 1570 1550 1680 
5 Sandy clay loam—Sindewahi e 1940 2240 2500 
6 Sandy clay loam—Bramhapuri_... 1620 2440 3232 
7 Clay loam—Waraseoni es 1751 1816 2290 
8 Clay soil—Bramhapuri ea 1310 1970 1620 
9 Clay soil—Balod ‘a 1120 1260 1540 


Table V brings out the correlation between the nitrogen added, the 
increase in the total water stable aggregates and the extra yield obtained 
under the treatments. 


By and large it will be observed that the extra nitrogen added has re- 
sulted in extra yields, except in soil No. 4 where the extra yields are negative. 
It may, however, be noted in this case that the level of extra nitrogen added 
is also relatively low. 


It will be seen that the increase in the total water stable aggregates has 
materially influenced the extra out-turn. Examination of soils Nos. 5, 7 and 9 
clearly shows that although the total quantity of nitrogen added through silt 
is not very considerable, there is a considerable increase in the water stable 
aggregates which apparently have reflected in extra yields. In the case of 
soils 6 and 8 the nitrogen added by silt is fairly high; the silt treatment 
has shown considerable increase in the water stable aggregates and the 
increased yields are also of a much higher order. 
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SUMMARY 


1. Field experiments were conducted in the paddy area of the State 
to study the effect of tank-silt on the structure of soil and its effect on crop 
yields. 


2. Silts are observed to contain a much higher percentage of water 
stable aggregates (50-80%) than soils (10-30%). 


_ 3. The application of tank-silt to loamy and clayey soils results in an 
increase in the water stable aggregates while light sandy soils do not generally 
show any increase. 


4. Observations made on a clay loam and a clay soil show that the 
addition of tank-silt increases the rate of nitrification. No nitrogen fixation 
was Observed in these cases. 


5. Increased yields obtained through the addition of tank-silt are due 
essentially to the extra nitrogen added and also to the improvement of water 
stable aggregates in loams and clays. 
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